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Westinghouse presents ALLVIEW...a quality compact telefluoroscoplc system 


Westinghouse ALLVIEW presents a versatile, flexible, 
smooth operating system of total telefluoroscopy. A 
complete fluoroscopic examination can be conducted 
either at table-side or at the position of the remote con- 
trol center. Seated comfortably at the control center, 
the operator Js unencumbered by lead protective apron 
and gloves—yet can easily but quickly move to table- 
. side when the need arises. The patient Is more at ease 
and.cooperative in the lighted room. m These perform- 
ance-proved Westinghouse components make up the 
system: CAPRI, a fully enclosed Radiographic-Fluoro- 
scopic table with new moving table top. The qulet motor 
driven table has a safety ceiling IImiter feature. TELE- 
CON, a direct coupled high galn image intensifler with 
a high quallty vidicon camera permits fluoroscopy in 
a lighted room using low radiation. TELECON is easily 
removed, for general fluoroscopy or routine radiog- 
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“raphy. ALLVIEW SPOT-FILM device, an all-new unit, 


permits excellent spot-film radiography at table-side or 
from the ramote control center, TELEFLUOROSCOPIC 
control center facilitates mechanical operation of all 
fluoroscopic motions Including compression. Complete 
fluoroscopic examinations are easily performed with 
the comfort of visual and velce contact. CATALINA 300 
MA Generator. The ideal power source to control the 
ALLVIEW system. MONITORS are available in six sizes, 
High reso'ution performance produces pictures of 
extreme sharpness and clarity. Englneered and de- 
signed for long, hard use. VIDEO TAPE RECORDERS 
(optional). A compact unit that lets you record and 
review at will. m This [s ALLVIEW. Designed for your 
budget with a realistlc price that is appealing to admin» 
istration. For specifications, write Westinghouse Electric 
Corporation, 2519 Wilkens Ave., Baltimore, Md. 21203. 
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SHOULD MORE RADICAL TREATMENT BE 
ATTEMPTED IN BREAST CANCER p~ 
CALDWELL LECTURE, 1963 


By Professor ROBERT McWHIRTER 


EDINBURGH, SCOTLAND 


N RECENT years great advances have 

been made in many fields of medicine. 
The infant mortality and the maternal 
mortality rates have been greatly reduced. 
The mortality from tuberculosis is but a 
fraction of what it was at the beginning of 
the century. The mortality from diphtheria, 
scarlet fever, osteomyelitis, mastoiditis 
and many other diseases has been almost 
eliminated. The mortality rates for these 
diseases are readily available in our na- 
tional statistics and, when we wish to 
determine the extent of the progress which 
has been made, it is to this source of infor- 
mation that we turn. This same source of 
information is also the most reliable guide 
we have to the progress that has been made 
in the treatment of malignant disease. 

Unfortunately, in malignant disease the 
picture is less encouraging. In breast can- 
cer in particular, it is disturbing to find 
that there is no evidence in the national 
statistics of Canada, the United States or 
the United Kingdom that the mortality 


rates have been reduced. This is a most 
significant point in any discussion of the 
treatment of breast cancer; it is often 
overlooked. The higher survival rates re- 
corded 1n recent vears have attracted much 
more attention and claims have been put 
forward that more patients are now being 
cured. These claims cannot, however, be 
accepted because 1f many more patients 
were being cured, then the mortality rates 
in breast cancer should fall; unless, of 
course, it can be shown that the incidence 
of breast cancer 1s increasing. 

At present, we have no reliable evidence 
that the incidence of breast cancer is in- 
creasing. The nation-wide survey now be- 
ing made in the United Kingdom to deter- 
mine the incidence of all types of cancer 
may, in due course, provide the informa- 
tion we require and 1t is to be hoped that 
the survey will receive increasing support 
as its value comes to be more widely appre- 
ciated. At the moment we can only note 
that 1f the incidence of breast cancer is in- 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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creasing, any improvement that may have 
been made 1n our methods of treatment has 
done nothing more than keep pace with the 
rising incidence. 

When the value of treatment is being 
assessed in malignant disease, due account 
must be taken of the natural rate of growth 
of the tumor and its site of origin. In some 
sites (e.g., testis) if a patient escapes death 
for a period of § years, it may be assumed 
that he has been aed because testicular 
tumors rarely cause death at a later date. 
In breast cancer on the other hand, patients 
with slowly growing tumors may continue 
to die from the disease for periods of up to 
20 or even 30 years after the operation. In 
a disease so variable in its rate of growth, 
IO year survival rates would be much more 
appropriate. 

The criteria of operability in recent years 
have become more strict. It is now widely 
accepted that radical mastectomy should 
not be performed in patients with advanced 
disease because it will do more harm than 
good and many surgeons now operate only 
on patients where the disease is of limited 
extent. The extent of any tumor is deter- 
mined by the length of time it has been 
present and by its rate of growth. With 
more careful selection, the operation is 
therefore becoming increasingly confined to 
tumors of short 
slow growth. 


Tumors of slow growth dis- 





duration and to tumors of 
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play less tendency to spread to other sites. 
The steady fall in the percentage of patients 
with positive axillary lymph nodes is good 
evidence in support of the statement that 
more favorable tumors are now being 
selected. Treatment of such tumors, as 
would be expected, provides higher 5 year 
survival rates, but, in view of the changes 
made in the spice tion of patients, it cannot 
be assumed that our treatment methods are 
better and that more patients are being 
cured. The improvement may be due en- 
tirely to the selection of more favorable 
cases. 

In addition to what has just been said, 
it should be observed that survival rates 
can be improved simply by giving treat- 
ment at an earlier stage. Survival is meas- 
ured trom the date of treatment and Table 
1 shows how the § year survival rate can be 
affected. It should be noted that i improve- 
ment will occur whether or not the treat- 
ment exerts any influence on the natural 
course of the disease. 

Given in the earlier stages of the disease, 
there is good evidence’ that effective forms 
of treatment do actually prolong lite. This 
prolongation of life is, as a rule, accom- 
panied by greater mental and physical 
comfort. There are thus advantages in 
giving treatment at an earlier date, even 
if in the end the treatment fails to cure the 
patient. 














Death of 
Patient 


| | | 


6 yr. 





Death of 


TABLE I 
TIME OF TREATMENT AND THE SURVIVAL RATE 
Late Treatment 
Clinical Á 
Onset | | 
I yr. 2 yr. 4 4 yr. $ yr. 

The patient survives 43 years after treatment and is counted as a failure in 

terms of the § year survival rate 

Early Treatment 
Clinical - 
Onset | | 


I yr. 2 yr. ma 


Patient 


| | | 


4 yr. 8 yr. 6 yr. 


The patient survives §} years after treatment and is counted as a success in 


terms of the § year survival rate 
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It should be noted that the time of com- 
mencement of treatment will exert little or 
no influence on 10 year survival rates. 
These longer survival rates are also less 
affected by any change in the proportion 
of slowlv growing tumors selected for 
treatment. If 1o year survival rates had 
been in more general use, the claim that 
many more patients are now being cured 
might not have been made. 

The failure to reduce the mortality rate 
becomes still more disturbing when we note 
that many more patients now seek advice 
at an early stage of the disease as the result 
of better education and the intensive cam- 
paigns urging patients to seek early treat- 
ment. Medical delay has been reduced and 
the treatment facilities of our hospitals 
have been greatly improved. Without any 
material alteration in our methods of treat- 
ment, one might think that these factors, 
by themselves, would have brought about 
a higher cure rate and a lowering of the 
mortality. This pre-supposes, however, that 
radical mastectomy, the method of treat- 
ment most commonly employed, cures a 
significant proportion of early cases. The 
fact that the mortality rate has not fallen 
demands that the value of radical mastec- 
tomy should be critically examined. 

At the turn of the century when it was 
recognized that breast cancer frequently 
spread to the axillary lymph nodes, the 
scope of the operation was extended to the 
axilla and the operation now known as 
radical mastectomy came into use. This was 
a logical step to take but the dissection of 
the axilla was, and frequently still is, re- 
garded as a very great advance in treat- 
ment. Closer inspection casts considerable 
doubt on the extent of the advance. First 
of all, it should be noted that in the early 
case where the axillary lymph nodes are not 
involved, the extension of the operation to 
the axilla will not improve the survival 
rates because the removal of normal lymph 
nodes cannot affect the issue. Secondly, it 
should be noted that when the axillary 
lymph nodes are involved, it has now been 
shown that the internal mammary and 
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supraclavicular lymph nodes are also in- 
vaded in a high proportion of cases. When 
these other lymph nodes are affected, dis- 
section confined to the axilla will fail to 
cure the patient. The advantages gained 
by substituting conventional radical mas- 
tectomy for simple mastectomy are there- 
fore limited to a relatively small group of 
cases where the lymph node involvement 
is confined to the axilla. In another com- 
munication,’ I have estimated that the ex- 
tent of this group is of the order of 14 per 
cent of the total cases. Assuming that half 
the patients in this group would survive for 
5 years, substitution of radical for simple 
mastectomy will improve the 5$ year over- 
all results by only 7 per cent. At 10 vears 
the difference mav be difficult to detect. 

Most surgeons regard simple mastec- 
tomy às a very inadequate method of 
treatment but recognize that the $ year 
and, more especially, the 10 year survival 
rates leave much to be desired when dis- 
section of the axilla is indicated (7.e., where 
the axillary lymph nodes are invaded). 
They do not dispute the observations made 
by Hancley* and confirmed by every subse- 
quent investigator, but they neither biopsy 
the internal mammary lymph nodes prior 
to operation nor do they make any attempt 
to remove them, although it must be obvi- 
ous that if these lymph nodes are invaded 
the conventional radical operation will not 
offer the chance of cure to a single patient. 
While the reasons for this attitude are often 
unstated, it may have been adopted in the 
belief that little would be gained by extend- 
ing the operation still further. In this belief 
they may be correct, but it should be ob- 
served that only some of the regional lymph 
nodes are removed when the conventional 
radical operation is performed. The axillary 
lymph nodes are not the only regional 
lymph nodes and, indeed, may not even be 
the first group to be invaded. Removal of 
all the regional lymph nodes may be at- 
tended with greater success. 

A certain amount of complacency with 
the present situation may also have been 
engendered by the view, now being stated 
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with increasing frequency, that the results 
will be the same whatever method of treat- 
ment is employed. This negative attitude 
will certainly not overcome our difficulties 
and on the evidence available is often quite 
unjustified. Many who hold this view fail 
to appreciate the fundamental point that 
survival rates cannot be used to compare 
the value of different methods of treatment 
unless the disease 1s of the same extent in 
the patients treated by each method. 
Whatever view is held, the adoption of a 
complacent attitude does not justify criti- 
cism of the attempts being made to intro- 
duce more radical treatment. Unless these 
attempts are made, the mortality from 
breast cancer must remain unchanged. 

In every discussion it is important to 
keep our objective clearly to the forefront. 
Our aim must surely be the reduction of 
the mortality from breast cancer. We must, 
therefore, concern ourselves with all cases 
and not limit our studies to the survival 
rates of patients with limited disease. When 
treatment is being planned, it is obviously 
important to concentrate the maximum 
effort on the patients with early disease, 
but, when the results are being presented, 
there is no reason why an account of the 
cases rejected for treatment should not also 
be given. Failure to present the over-all 
picture has been a further factor leading to 
the belief that progress is being made. 

In many surgical publications, it is still 
customary to present the survival rates of 
only those patients who were treated by 
radical mastectomy. If the author also 
fails to specify the clinical criteria on which 
the selection is based, the survival rates 
are of very limited value. The success 
claimed may depend far more on the extent 
of selection than on the method of treat- 
ment employed. When it is pointed out 
that results of this tvpe are based on 
selected cases, it 1s curious that the obser- 
vation is often resented. But such results 
must be based on selected cases. Indeed, a 
center would be much more open to criti- 
cism if it maintained that no selection had 
taken place and that all patients had been 
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indiscriminately subjected to radical mas- 
tectom y ! 

Careful selection of patients for every 
type of treatment is right and proper. If 
every surgeon selected patients for radical 
mastectomy in precisely the same manner, 
comparison of results would be easy. Un- 
fortunately, the selection can be very vari- 
able. The type of case which should be 
selected for radical mastectomy has been 
extensively investigated by Haagensen.” By 
careful retrospective studies, Haagensen 
has shown that cure by radical mastectomy 
is unlikely to be obtained when the clin- 
ical extent of the disease has advanced 
beyond certain well defined limits. In more 
recent vears, he has gone further and has 
advocated that the internal mammary 
lymph nodes and the lymph nodes at the 
apex of the axilla should be examined prior 
to radical mastectomy being performed. 

In case there should be any misunder- 
standing, let me state at this point that 
I firmly believe that simple mastectomy 
alone (7.e., unsupported bv radiation ther- 
apy) 1s inferior to radical mastectomy. The 
latter operation may offer the chance of 
cure to only a few more patients, but it is 
important to those tew that radical mastec- 
tomy should be performed. 

Let me also state that I do not believe 
that the present situation can be improved 
by restricting treatment to a smaller num- 
ber of patients. Every publication shows 
that the best results are obtained in the 
earliest cases. Progressive restriction of 
treatment to earlier cases is bound to be 
accompanied by higher survival rates in 
the group treated. Our aim, however, is 
not higher survival rates; it is the reduction 
of the mortality from breast cancer. 

If we want to advance, the frontiers of 
treatment must be extended to include pa- 
tients who are beyond the range of cure by 
the conventional operation. There would 
appear to be two groups of patients where 
the value of more radical treatment may 
be worth exploring: (1) patients apparently 
“operable” as judged by the clinical find- 
ings, but where biopsy would demonstrate 
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involvement of the internal mammary 
Iv mph nodes or the uppermost lymph nodes 
of the axillarv chain (the supraclavicular 
lymph nodes); and (2) patients generally 
accepted as too advanced for conventional 
radical mastectomy on account of invasion 
of the skin lymphatics (satellite nodules), 
fixed axillary lymph nodes or palpable 
supraclavicular lymph nodes but appar- 
ently without more distant metastases. In 
previous communications this group has 
been referred to as the "locally advanced 
group.” 

In the first or “operable group,” the 
internal mammary and the supraclavicular 
lymph nodes may be treated either by 
surgery or by radiation therapy. In the 
second or “locally advanced group” lymph 
node invasion is, as a rule, so gross that 
radiation therapy is the only method of 
treatment to be considered. 

The advantage to be gained by dissecting 
the internal mammary and supraclavicular 
regions is sometimes questioned but, in 
general, the value of surgery in the treat- 
ment of mobile lymph nodes is accepted. 
On the other hand the value of radiation 
therapy in the treatment of lymph nodes is 
doubted by many, and it is, therefore, 
important to examine this point in some 
detail. 

When radiation therapy is given after 
the lymph nodes have been surgically re- 
moved, its precise value is difficult to 
ascertain. A more worthwhile assessment 
can be made when the lymph nodes are 
treated entirely by irradiation. The survival 
rates following the treatment of fixed lymph 
nodes will provide a further test of its 
value. The value of irradiation in the treat- 
ment of lymph nodes has been extensively 
examined in Edinburgh and an account 
will now be given of the main features of 
the technique and of the results obtained. 

The radiation therapy must, of course, 
be designed in such a way that all the 
known directions of spread are adequately 
irradiated. 

Firstly, I would remind you that the 
route taken by malignant cells on their 
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way to the mternal mammary lymph nodes 
is by the lymphatics which accompany the 
perforating branches of the intercostal ves- 
sels. Having passed through the chest wall, 
the lymphatics run subpleurally until they 
reach the lymph nodes. The internal mam- 
mary lymph nodes are small and at an early 
date they become choked with malignant 
cells which then accumulate in the drain- 
ing lymphatics. This type of invasion gives 
rise to pleural effusions and the involved 
lymphatic channels are often clearly visible 
at postmortem examination. If a narrow 
parasternal field is used, the involved sub- 
pleural lymphatics will not be included in 
the field cf radiation. From what has been 
said, it will be clear that the internal 
mammary lvmph nodes and the whole 
thickness of the chest wall including the 
pleura should be treated as one block of 
tissue. This can be accomplished by 
properly designed glancing or tangential 
fields. 

Second.v, I would like to make the point 
that the axillary and supraclavicular lymph 
nodes fom one continuous chain. The 
lymph nodes in the supraclavicular region 
can in fact be regarded as the uppermost 
lymph nodes of this chain. Lymphangio- 
graphic studies indicate that the lowest 
lymph nodes may not be the first to be in- 
vaded and that further invasion does not 
take place in an orderly manner from the 
lower lymph nodes to those immediately 
above them. Lymph nodes high in the axilla 
and those in the supraclavicular region may 
be involved at an early stage. The whole 
length of the chain must, therefore, be 
treated and the most effective method of 
treatment is by two opposed fields extend- 
ing from the axilla all the way up to the 
neck. A field directed into the axilla and a 
separate field applied to the supraclavicu- 
lar region will not be ettective. 

Thirdly, adequate dosage must be de- 
livered to all the sites likely to be involved 
by the tumor. If some sites, where the re- 
currence rate is high, are not treated, the 
radiation therapy is unlikely to affect the 
survival rate. 


TABLE II 


'"OPERABLE GROUP” 
RESULTS OBTAINED WHEN ALL THE REGIONAL 
LYMPH NODES WERE TREATED ENTIRELY BY 
IRRADIATION 





§ Year Crude Survival Rate 
10 Year Crude Survival Rate 
15 Year Crude Survival Rate 


62% (1,576 cases) 
46% (1,429 cases) 
38% ( 687 cases) 


Fourthly, the hardest quality radiation 
is desirable, and it would appear from the 
Investigations so far undertaken that mega- 
voltage, with all its advantages in dose 
distribution, has much to offer. 

Fifthly, since radiation therapy, for 
reasons which can only be speculative, is 
less ettective in the treatment of the pri- 
mary tumor, the breast should be removed 
by surgery wherever it is possible to do so 
without cutting through obvious disease. 

When these principles are observed, is 
radiation therapy of value in the treatment 
of secondarily involved lymph nodes? 

The over-all survival rates have been 
presented in previous communications.’ 
The following results were obtained in pa- 
tients where the breast was removed by 
simple mastectomy and all the regional 
lymph nodes (axillary, internal mammary 
and supraclavicular) were treated by ir- 
radiation alone. All the patients were 
treated in the period 1941-1923. 

All deaths have been presumed to be due 
to malignant disease, but in order to reduce 
to some extent the effect of deaths from 
intercurrent disease, the analysis has been 
confined to patients who were under 6; 
years of age at the time of treatment. Even 
then it will be noted that the oldest pa- 
tients had to live to nearly 80 years of age 
in order to qualify as survivors in the 15 
year results. 

Table 11 shows an over-all picture of the 
results obtained in patients in the ‘“oper- 
able group." The “operable group" is a 
combination of Manchester Stages 1 and 11. 
l'rom the following definition of the extent 
of the disease, it will be observed that many 
more advanced cases are included than 
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would be found in a combination of Inter- 
national Stages 1 and rr. 

The primary tumor, which may be of 
any size, may show skin involvement up to 
and including ulceration, but there must be 
no satellite nodules or other manifestation 
of invasion of the cutaneous lymphatics. 
Minor degrees of fixation to the pectoral 
muscle are ignored but the tumor must not 
be completely fixed to the muscle. The 
axillary lymph nodes on the same side may 
be enlarged but they must not be fixed. 
There must be no enlarged supraclavicu- 
lar lymph nodes and no clinical or roent- 
genographic evidence of more distant 
metastases. 

Of the 1,576 cases analyzed, 46 per cent 
or nearly half had palpable axillary lymph 
nodes. 

In the next analysis an attempt has been 
made to determine the value of radiation 
therapy in the treatment of the internal 
mammary lymph nodes. These lymph 
nodes are more frequently invaded when 
the tumor is in the inner half of the breast. 
Patients treated by conventional radical 
mastectomy have lower survival rates if 
the tumor is in the inner half. It will be 
seen from Table rm that the findings are 
reversed when the internal mammary 
lymph nodes are irradiated. 

Table 1v shows the results obtained in 
the "locally advanced group" where the 
axillary lymph nodes were often grossly 
involved. 

Some of the patients in the “locally ad- 
vanced group” had enlarged supraclavicu- 
lar lymph nodes. These patients have been 
analysed separately in Table v to try to 
determine the value of radiation therapy 


Taste III 


"OPERABLE GROUP" 
RESULTS OBTAINED FOLLOWING IRRADIATION OF 
THE INTERNAL MAMMARY LYMPH NODES 





Inner Half Tumors 
$ Year Crude Survival Rate 


Outer Half Tumors 
ç Year Crude Survival Rate 


66% (411 cases) 


61% (842 cases) 
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in the treatment of involved supraclavicu- 
lar lymph nodes. 

From the evidence which has been pre- 
sented, it would appear to be reasonable to 
conclude that radiation therapy is an effec- 
tive method of treating lymph nodes and 
that useful results can still be obtained 
when the lymph node invasion is gross. 

We must next examine the results ob- 
tained following surgical removal of all 
the regional lymph nodes so that the value 
of surgery and radiation therapy may be 
compared. Comparison is, of course, pos- 
sible only in the “operable group.” Such a 
comparison has, in fact, been undertaken 
in Copenhagen by Kaae and Johansen? in 
association with Dahl-Iversen. One series 
of patients was treated by simple mastec- 
tomy combined with radiation therapy to 
all the regional lymph nodes. In the other 
series an extended radical mastectomy was 
performed with dissection of the internal 
mammary and supraclavicular lymph 
nodes. The patients were allocated to one 
or other method bv a random procedure. 
Their findings suggest that the two meth- 
ods of treatment are equally effective and 
it is interesting that they have confirmed 
the observation that edema of the arm is 
uncommon following simple mastectomy 
and radiation therapy. Table v1 shows their 
survival rates and recurrence free rates in 
patients under 70 years of age. 

Whichever of these two methods of treat- 
ment is selected for patients in the “‘oper- 
able group," it will be noted that all the 
regional lymph nodes are now treated. The 
chance of cure is thus offered to more pa- 
tients than would have been the case if 
treatment had been bv conventional radical 
mastectomy. It has been estimated from 
the Edinburgh series? that either extended 


TABLE IV 


"LOCALLY ADVANCED GROUP” 
RESULTS OBTAINED FOLLOWING IRRADIATION OF 
GROSSLY INVOLVED LYMPH NODES 











5s Year Crude Survival Rate 34% (472 cases) 
10 Year Crude Survival Rate 19% (440 cases) 
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TABLE V 


"LOCALLY ADVANCED GROUP” 
RESULTS OBTAINED FOLLOWING IRRADIATION OF 
ENLARGED SUPRACLAVICULAR LYMPH NODES 











5 Year Crude Survival Rate 17% (129 cases) 








radical mastectomy or simple mastectomy 
and radiation therapy would offer the 
chance of cure to 20 per cent more patients. 

In the “locally advanced group," ex- 
tended radical mastectomy cannot be per- 
formed bu- radiation therapy is still a pos- 
sible method of extending the range of full 
treatment to a proportion of the patients. 
Unfortunately, it is not possible to treat all 
the patients in the group by simple mastec- 
tomy and radiation therapy because simple 
mastectomy cannot be performed if there 
is extensive skin invasion or if the primary 
tumor and the lymph nodes form one con- 
tinuous mass. The prospect of success 
must be lower but Table rv shows that 1 in 
3 of the patients survived for § years and 
that 1 in 5 is still alive at 10 years. 

At this point, it is worth recording the 
events which led up to the adoption of 
simple mastectomy and radiation therapy 
in Edinburgh. I must confess when I ar- 
rived in Edinburgh I had accepted, as 
others have done, the impressive results 
appearing in the literature. However, the 
follow-up studies of patients with malig- 
nant disease revealed very clearly that, 
when all cases of breast cancer coming to 
the Royal Infirmary were taken into ac- 


TABLE VI 


A COMPARISON OF THE VALUE OF SURGERY AND 
RADIATION THERAPY IN THE TREATMENT 
OF LYMPH NODES 
ALL OPERAELE CASES UNDER 70 YEARS OF AGE 
FROM KAAE AND JOHANSEN® 


No. 





5 Year 





5 Year 
of Survival Recurrence 
Cases Rate Rate 
Simple Mastectomy and 
Radiation Therapy 11! 68% 55% 


Extended Radical 
Mastectomy 113 


C7 C7 
65% 4970 
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count, the survival rates left much to be 
desired. The local recurrence rates were 
high, no doubt due in part to the accept- 
ance of many advanced cases for radical 
mastectomy. 

These findings were presented to the 
Surgical Staff in 1935 and it was agreed 
that radiation therapy should be given to 
all patients following radical mastectomy. 
Six years later (i.e. at the end of 1940) 
analysis of the results showed a marked 
reduction in the local recurrence rate but 
disappointingly there was little improve- 
ment in the 5 year survival rate. 

About the same time, the late Sir John 
Fraser! had been invited to give a Hony- 
man Gillespie Lecture and chose breast 
cancer as the topic of discussion. When he 
came to analyse the results in some 400 
hospital and private patients on whom he 
had performed radical mastectomy, he was 
disturbed to find that the survival rates 
were much lower than he had expected. In 
the course of the many discussions I had 
with him I drew his attention to a group of 
patients who had been treated by simple 
mastectomy and postoperative radiation 
therapy during the period 1935-1940. The 
results in this group were higher. It was 
agreed that I should bring before the Sur- 
gical Staff the proposal that the value of 
simple mastectomy and radiation therapy 
should be more extensively explored. The 
proposal was accepted by the Surgical 
Staff early in 1941. 

So that the results might be compared 
with those obtained by radical mastectomy, 
I also suggested that alternate cases (the 
method of randomization commonly em- 
ployed at that time) should continue to be 
treated by radical mastectomy. The mem- 
bers of the Surgical Staff, however, noted 
the many difficulties associated with the 
adoption of two methods of treatment with- 
in a single center and pointed out that it 
might be difficult to continue a trial of the 
two methods for a sufficient length of time, 
especially if at an early stage individual 
experience tended to favor one of the 
methods. In view of the reluctance which 
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still exists today, it is perhaps not surpris- 
ing that the staff decided not to accept the 
suggestion of a controlled clinical trial. 

When the results of simple mastectomy 
and radiation therapy became available 
they were submitted, along with the re- 
sults obtained in the 1935-1940 period, to 
Professor Lewis Faning, who was then sta- 
tistician to the Medical Research Council. 
He agreed that the later results were sig- 
nificantly higher and that improvement had 
taken place immediately when tlie change 
had been made to simple mastectomy and 
radiation therapy. The two investigations, 
however, were not conducted over the 
same period of time and, accordingly, the 
comparison is open to criticism. A con- 
trolled clinical trial is, therefore, still re- 
quired to determine the relative value of 
these two procedures. 

It cannot be emphasized too strongly 
that unless steps are taken to ensure that 
the disease is of comparable extent in the 
two groups of patients treated, one method 
of treatment cannot be compared with 
another. Many comparisons are still made 
where the extent of the disease in either 
group 1s unstated. Such comparisons have 
produced great confusion and it is remark- 
able that the much older problem of the 
value of adding radiation therapy to 
radical mastectomy has not yet been satis- 
factorily solved. 

Paterson and Russell,’ in a series of pa- 
tients where the method of treatment was 
determined bv randomization, came to the 
conclusion that radiation therapy immedi- 
ately following radical mastectomy was no 
more effective than radical mastectomy 
followed at a later date, where necessary, 
by irradiation of the local recurrences. Dur- 
Ing the investigation two different radia- 
tion therapy techniques were employed, 
but, since neither technique included all 
the common sites of recurrence (in the 
"quadrate technique" the supraclavicular 
and internal mammary lymph nodes were 
not effectively irradiated and in the “pe- 
ripheral technique" the chest wall was not 
irradiated), it is doubtful if the evidence 
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can be accepted as conclusive. Paterson 
and Russell’ were careful to point out that 
the conclusion reached is true only in 
respect of the techniques employed. In 
view of the demand for radiation therapy 
following radical mastectomy, it is impor- 
tant that further clinical trials, in which all 
the common sites of recurrence are ir- 
radiated, should be carried out. 

Paterson and Russell's conclusions mav, 
of course, be found to be correct when other 
techniques are employed. They certainly 
support the findings obtained in Edinburgh 
in the period 1935-1940 and, as alreadv 
noted, it was on account of the same con- 
clusions as those reached by Paterson and 
Russell that it was decided that the value 
of simple mastectomy and radiation ther- 
apy should be explored. 

Watson," on the other hand, has pre- 
sented excellent results in support of rou- 
tine postoperative radiation therapy in 
patients treated by radical mastectomy. It 
may be noted, however, that 75 per cent of 
his patients were in the operable category 
and that only £o per cent of the patients in 
this categorv had positive lymph nodes. 
Nevertheless, his findings make it neces- 
sary to consider organizing further clinical 
trials. 

It is widely accepted that surgical inter- 
vention adverselv affects the response of 
tumor cells and a higher dose is required 
for their destruction. Where the axillary 
involvement is of limited extent and all the 
lymph nodes can be removed easilv, this 
point is unimportant. Unfortunately, it is 
not possible to tell beforehand whether 
the axillary involvement is limited or not. 
If the dissection of the axilla proves to be 
dificult and therefore almost certainly in- 
complete, the response of any remaining 
tumor cells to irradiation will be poor. It 
should be noted that this difficultv does not 
arise when the lymph nodes are treated 
entirely by irradiation. Other workers have 
attempted to overcome this difficulty by 
giving preoperative radiation therapy. The 
results obtained by Richards??? are of par- 
ticular interest. He claimed that his results 
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were greatly improved by giving radiation 
therapy pror to radical mastectomy. If 
radiation therapy is to be combined with 
radical mastectomy, its proper place may 
be prior to surgery. 

| have now suggested a number of clin- 
ical trials and, it must be abundantly clear 
from the confused state of the medical 
literature that the many problems which 
confront us will not be solved until care- 
fully planned clinical trials are more ex- 
tensively employed. 

At first sight it might appear to be a 
simple matter to determine whether one 
method of treatment is better than another. 
Compariscn of the results obtained by each 
method should provide the answer. Unfor- 
tunately, the problem is far from simple 
and unless the greatest care is taken an 
entirely erroneous conclusion may be 
reached. 

It was noted earlier that the extent of 
the disease may have a greater influence on 
the results than the method of treatment 
employed. Accordingly, the first and most 
important step is to try to ensure that the 
disease will be of comparable extent in each 
of the two groups of patients to be treated. 
Staging was introduced to assist in the 
solution cf this problem. Several stages may 
be recognized so that comparison may be 
made at different levels. This is a valuable 
procedure because two methods may be of 
equal value in the earliest stage but one 
may be superior to the other when the 
disease is more advanced. The introduction 
of staginz goes a long way towards solving 
our problem but we are still left with the 
following difficulties. 

Even when each stage has been defined 
with the greatest care, some variation may 
occur in the interpretation of the defini- 
tions and patients with the same extent of 
disease may not be placed in the same stage. 
Variations in the standard of clinical ex- 
amination are still more important. When 
the examiner is experienced and takes great 
care, the staging will be as accurate as it is 
possible to make it. On the other hand in 
centers where lower standards are observed, 
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disease may be overlooked and patients 
assigned to a stage which 1s too high. 

These considerations have led a number 
of workers to abandon clinicalstaging and to 
rely on the histologic findings in the axil- 
lary lymph nodes. Our colleagues in 
pathology have shown that the proportion 
of lymph nodes found to be involved varies 
with the care taken in their examination. 
In some centers only a few lymph nodes are 
examined and only a few sections taken. In 
other centers 20 or 30 lymph nodes may be 
sectioned and submitted to very detailed 
examination. The effect on the survival 
rates of this more detailed examination is 
not always appreciated. The effect is to 
raise the survival rate not only in histo- 
logic Stage 1 but also in histologic Stage 11. 
Reference to Table vm will make this point 
clear. 

Variation in interpretation of definitions 
and in the standards of clinical and histo- 
logic examination will always exist and an 
impasse appears to have been reached until 
we appreciate that consistency is more 
important than accuracy. If all the patients 
to be treated by the two methods are 
staged by the one team of examiners and 
if all histologic examinations are made by 
one team of pathologists, these difficulties 
will be overcome. Comparable groups of 
patients will be obtained. 

When the clinical trial comes to be or- 
ganized the following points should receive 
attention: 

1. All potential patients for the trial must 
be seen by the examining team prior to any 
form of treatment. 

2. The stage must be determined prior 
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to treatment and cannot be modified sub- 
sequently for any reason. 

3. The examining team must have first 
hand knowledge of the treatment methods 
to be tested so that they can ensure that all 
patients selected for the trial will be equally 
suitable for either method, not only in 
respect of the stage of the disease but also 
in respect of age, general health, etc. 

4. At a subsequent date, an account 
must be given of every patient admitted to 
the trial. 

The trial may be carried out within a 
single center or may be conducted in two 
centers which have agreed to work together. 

Where the trial is confiend to a single 
center, the method of treatment of each 
patient is determined by some random pro- 
cedure. It is important to note that the 
allocation of patients to treatment in this 
manner can be regarded as ethical only 
if those concerned feel completely satis- 
fied beforehand and remain satisfied 
throughout the whole course of the in- 
vestigation that they do not know whether 
one method of treatment is better than 
another. This difficulty is inherent in every 
trial conducted within a single center and 
probably explains why clinical trials have 
not come into more general use. It will be 
noted, too, that least difficulty will arise 
where there is least controversy. It may 
then be difficult to raise sufficient enthusi- 
asm for the trial to be undertaken. 

Where two centers employing different 
methods of treatment have agreed to work 
together, random selection is no longer re- 
quired. The members of the staff of each 
hospital are invited to continue with the 
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THE EFFECT ON THE SURVIVAL RATES OF MORE DETAILED EXAMINATION OF THE AXILLARY LYMPH NODES 






Lymph nodes zot examined 
in detail 








Lymph nodes examined in 
detail 


Lymph nodes negative 
(Hist. Stage 1) 


Lymph nodes negative 
(Hist. Stage 1) 


Lymph nodes positive 
(Hist. Stage 11) 









Lymph nodes positive 
(Hist. Stage n) 


With more detailed examination, fewer patients with positive lymph nodes are overlooked and accordingly the survival rate in histo- 
logic Stage 1 is raised. The patients with minor lymph node involvement and reiected from histologic Stage 1 are now placed in histologic 
Stage u. Because their prognosis is better, these less advanced cases will raise the survival rate in histologic Stage 11 cases. 
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method of treatment to which thev are 
accustomed and which, presumably, thev 
regard as the best method. The ethical 
problem encountered when the trial is 
conducted within a single center does not 
arise. It will be noted, too, that many more 
patients are available when two centers 
work together and so the investigation can 
be completed in a shorter period of time. 
The only requirement in trials of this type 
is that all patients will again be seen bv 
the same team of examiners to determine 
the stage of the disease and to ensure that 
all patients admitted to the trial are suit- 
able for either method of treatment. 


SUMMARY 


The higher 5 year survival rates in re- 
cent years may be due entirely to treatment 
at an earlier date and to the selection of 
more favorable cases. There is no evidence 
in our national statistics that more patients 
are now being cured. 

Patients who are apparently operable by 
clinical standards may have involved inter- 
nal mammary or supraclavicular lymph 
nodes and the frequency of involvement is 
high where dissection of the axilla is re- 
quired (7.e., where the axillary lymph nodes 
are invaded). If treated by conventional 
radical mastectomy alone, not a single pa- 
tient with involvement of these lymph 
nodes will be cured. 

If improved methods of selection are 
adopted, the survival rates in patients 
treated will certainly be raised but the 
mortality rates cannot be lowered by this 
means. 

If the chance of cure is to be extended to 
more patients, more radical methods of 
treatment must be introduced. Survival 
rates at 5, 10 and 15 years from Edinburgh 
and at § years from Copenhagen have been 
presented in support of the view that radia- 
tion therapy can be regarded as an etfec- 
tive method of treating all the regional 
lymph nodes. 

Two groups of patients bevond the range 
of cure by conventional radical mastec- 
tomy have been identified. The place of ex- 
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tended radical mastectomy and simple 
mastectomy and radiation therapy in the 
management of these patients has been dis- 
cussed. 

So that the value of these more radical 
procedures may be tested and so that the 
best combination of surgery and radiation 
therapy may be determined, it is essential 
that caretully planned clinical trials should 
be organized. Clinical trials in two centers 
working together offer many advantages 
and reliable results become available in 
less time. 


Department cf Radiotherapy 
The Royal Infirmary 
Edinburgh 3, Scotland 
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MAMMOGRAPHY AS A ROUTINE SCREENING 
EXAMINATION FOR DETECTING 
BREAST CANCER* 


By DAVID M. WITTEN, M.D., Section of Roenigenology; and DELORAN L. THURBER, M.D., 
Section of Medicine 


Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


T use of routine screening examina- 
tions for cancer detection is becoming 
more and more commonplace in medical 
practice. The contribution that these ex- 
aminations can make to early diagnosis and 
effective therapy is great. This can best be 
exemplified by the routine cervical smear 
which has proved an effective means for 
sharply reducing mortality from cancer of 
the cervix by demonstrating its presence 
while it is still in an early, readily curable 
Stage. 

The need for a practical screening ex- 
amination for detection of preclinical car- 
cinoma of the breast is greater even than 
the need in the case of other organs. Car- 
cinoma of the breast is the most common 
malignant tumor afflicting women. It is 
estimated that this disease develops in 
nearly 50,000 women yearly in the United 
States and that it is responsible for the 
death of nearly half of its victims. Despite 
steady improvement in surgical, radiologic, 
and chemotherapeutic techniques for treat- 
ment of malignant disease of the breast 
during the past several decades, there has 
been no corresponding over-all improve- 
ment in the mortality rate." This paradox 
is thought to result, at least in part, from 
failure to detect cancer in a significant pro- 
portion of cases before there has been dis- 
tant spread. 

The development of technically satis- 
factory roentgenographic methods for 
study of the breast'/*? and the subsequent 
demonstration that small, clinically un- 
suspected malignant lesions could be diag- 
nosed by this means?! have raised hopes 


that mammography would prove practical 
as a screening test for routine use In detec- 
tion of breast cancer. 

Gershon-Cohen and his associates? have 
pioneered in this field. Their studies, em- 
ploying periodic roentgenographic exami- 
nations of the breast, have shown that 
small, presumably early, cancers can be 
found and that a reduction in the incidence 
of metastatic involvement of axillary 
lymph nodes 1s noted in patients whose can- 
cer is first discovered on the mammogram. 
These findings, coupled with a favorable 
early experience with mammography at 
our institution, led us to undertake this 
study in an effort to determine, to our own 
satisfaction, whether or not mammography 
should be performed as a routine screening 
examination on all female patients in the 
“cancer age group,” who come for general 
physical examination. 


MATERIALS AND METHODS 


Physicians in three sections of internal 
medicine and one section of occupational 
medicine asked all women over 40 years of 
age who were examined between Novem- 
ber 1, 1961, and May 6, 1963, to permit 
mammography for investigative purposes. 
The women were assured that the examina- 
tion would be done by female technicians 
and that no cost nor significant time would 
be involved. Few patients declined the op- 
portunity. 

From these patients, 5,014 were selected 
as "routine"; that 1s, they had no signifi- 
cant breast complaints or findings and had 
not previously had a known carcinoma of 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Socicty, Montreal, Quebec, Canada, October 8-11, 
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the breast. Patients whose breasts were 
described bv the examining physician with 
such terms as "nodularitv," “lumpy,” 
"questionable," “inverted nipple" (by it- 
self), and ''accessory breast tissue" were 
not considered to have clinically significant 
breast lesions and were included in the 
study. Excluded from the study were pa- 
tients who had had previous mastectomy 
for carcinoma, nipple discharge, or a dis- 
crete palpable lesion and patients who 
would warrant a breast biopsy on clinical 
grounds alone. 

Each of 4,811 patients had a single mam- 
mographic study, 182 patients had two rou- 
tine studies, and 1 patient had three such 
studies as part of repeated physical exami- 
nations during the 18 months this survev 
was in progress. Twenty additional patients 
were examined twice and 2, three times— at 
intervals ranging from 2 to 18 months— for 
follow-up of a lesion demonstrated on the 
initial mammogram. 

The mammographic technique was modi- 
fied from that of Egan.! Mammograms 
were made of each breast in two projec- 
tions: the cervicocaudad and the oblique 
projection. The bulk of the studies were 
done using Eastman Kodak Industrial 
Tvpe M film, a 28 inch film-to-target dis- 
tance, and an exposure of 750 to goo milli- 
ampere seconds at 28 to 33 kilovolts peak. 
This gave a skin dose to the patient of just 
under 3 r per exposure in the average case. 
Later in the study Ansco Superray B film 
was used for a time because of its slightly 
more sensitive emulsion. Finally, nearly 
1,000 patients were studied using Eastman 
Kodak Industrial Type AA film, 30 to 33 
kilovolts peak, and 300 milliampere seconds 
at 28 inch target-to-film distance, a tech- 
nique which was entirely satisfactory. Pa- 
tients whose initial roentgenograms re- 
vealed a questionable lesion were often re- 
examined using localized views and difter- 
ent projections in an attempt to better 
demonstrate the region in question. 

All mammographic studies were made by 
1 of 3 female nurse-technicians and inter- 
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preted by 1 of 3 radiologists experienced 
with this examination. 

The identification of a discrete lesion on 
the mammogram was followed by re-exam1- 
nation of the breast by the consulting 
physician and, in most cases, by consulta- 
tion with a surgeon. The decision to biopsy 
or not to biopsy was left to the discretion of 
the consulting physician and was influenced 
by both the mammographic report and by 
other pertinent clinical considerations. 

Records of patients in the group who 
came to breast surgery or whose mammo- 
grams demonstrated discrete lesions were 
reviewed in detail. When records indicated 
the need for follow-up or when operation 
was performed by a physician outside the 
Mayo Clinic, follow-up letters were sent. 


RESULTS 


The 5,014 women in this series ranged 
in age from 40 to 93 years. The median age 
was 55.7 years. Table 1 gives the frequency 
distribution of our patients by age. Mam- 
mographv demonstrated a discrete, domi- 
nant lesion in 135 patients, while in 4,879 
patients the breasts were considered to be 
either roentgenographically normal or the 
seat of diffuse benign proliterative disease 
with no discrete, dominant lesion shown on 
the roentgenogram. 

The roentgenographic diagnoses in the 
35 cases in which discrete lesions were 
found are correlated with the pathologic 
diagnoses in the operated cases in Table rr. 

A mammographic diagnosis of carcinoma 
was made in 8 cases. At operation, 6 lesions 
proved to be carcinoma, and 2 were found 
to be fibrocystic mastitis with areas of 
adenosis and ductal papillomatosis. The 
demonstration of fine stippled calcification 
on the films prompted the roentgenographic 
diagnosis of carcinoma in the latter 2 cases. 

Seventeen lesions were categorized as 
possibly malignant. Included in this group 
were lesions exhibiting one or more specific 
roentgenographic features suggestive of 
carcinoma, but in which the over-all 
roentgenographic appearance was not sug- 
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gestive of this disease. The roentgeno- 
graphic diagnosis of possible malignancy 
was based in 11 cases on the presence of 
localized, finely stippled calcification iden- 
tical in appearance with that so frequently 
seen in carcinoma. None of these has vet 
proved to have carcinoma. The diagnosis 
in the remaining 6 cases was based on ir- 
regularity of the margin of the lesion. Two 
of these proved to be carcinoma. Ten of the 
17 patients 1n this group were operated on. 
Carcinoma was found in 2, fibrous mastitis 
in 5, fibrocystic mastitis in 2, and sclerosing 
adenosis in 1. Of the 7 patients not operated 
on, 4 have been re-examined 2 months to 1 
year after initial diagnosis with no change 
in the lesion. Biopsy was recommended in 
the remaining 3, but the patients went 
home for treatment and no follow-up infor- 
mation is available at this time. 
Thirty-three lesions were considered to 
be probably benign by mammography. In 
these cases, a discrete lesion was found, but 
its roentgenographic features were mainly, 
though not classically, those of a benign 
lesion. Nine proved at operation to be be- 
nign. The pathologic diagnosis for the pa- 
tients operated on was fibrocvstic disease in 
2 cases, fibroadenoma in 2 cases, sclerosing 
adenosis 1n 3 cases (associated papillomato- 
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sis was noted in 1 of these), and fibrous 
mastitis in 2 cases. Five of the 24 patients 
in this group who were not operated on 
have had repeat mammograms 3 months to 
| year after the initial examination. The 
roentgenographic appearance of the lesions 
remained unchanged. No follow-up infor- 
mation on the other 19 patients is available 
at this time. 

The lesions in 9 cases were categorized as 
indeterminate. This diagnosis was made 
when a lesion was thought to be definitely 
present, but its roentgenographic features 
were obscured by overlying dense paren- 
chyma or when no distinctive features 
could be identified. Four of the 9 patients 
were operated on. lFibroadenoma was found 
in 2 cases and fibrous mastitis in 2. One pa- 
tient was re-examined after 6 months, and 
no change in the lesion was evident. No 
follow-up information is available in the 5 
remaining cases. 

A discrete lesion which had a classic 
benign appearance was observed in 68 
cases. Histologic proof of diagnosis was ob- 
tained in 5 of these cases. One lesion proved 
to be traumatic fat necrosis; 1, fibrous 
mastitis; I, lipoma; 1, fibroadenoma; and 1, 
fibrocystic disease. Twelve of the remain- 
ing 63 patients have had one or more repeat 



































TABLE I 
DISTRIBUTION OF ROENTGENOGRAPHICALLY DETECTED BREAST LESIONS BY AGE OF PATIENT 
Discrete Lesion Roentgenographicall y 
genog | 

4 No. of Incidence 
ius "ddr a Operated of Cancer 
(yr.*) Patients CENTS 
L Unoperated per 1,000 

Benign Malignant 
= = 
40-44 711 IO 2 O O 
45-49 829 13 5 O O 
50-54 8689 8 c O O 
55—59 822 | pu 2 2 2.4 
60-64 721 I9 6 2 NE 
65-69 542 2 6 3 5» 
70-74 326 | 8 I I 3.1 
75—79 147 I I O O 
8O or more 58 | F1 o o O 
Total 5 ,OI4 | 99 | 28 8 126 








* Median age 55.7 years. 
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TABLE II 


DISCRETE DOMINANT LESIONS DIAGNOSED BY ROUT. NE MAMMOGRAPHY 








ROENTGENOLOGIC-PATHOLOGIC CORRELATION 





























| ; | Operated—Pathologic Diagnosis 

Mammographic No. of Not í | 

Diagnosis Cases Operated Benign Malignant 
Malignant 8 O 2 6 
Possibly malignant* 17 7 8 2 
Probably benign? 33 24 9 O 
Indeterminatet | 9 5 4 O 
Benign 68 6 3 5 O 
Total | 135 | 99 28 8 


* Lesion exhibited one or more roentgenographic features suggestive of carcinoma. 
T Lesion exhibited no roentgenographic features suggestive of carcinoma, yet was no- classically benign. 


t Lesion obscured or lacked distinctive roentgenographic features. 


follow-up mammograms made at intervals 
of 2 to 18 months with no change in the 
roentgenographic appearance of the lesions. 
No follow-up information is available in the 
remaining §1 cases at this time. 

Of primary interest were the 8 carcino- 
mas detected by routine mammography in 
this study. The findings in these cases are 
summarized in Table ir. Seven of the 8 
patients underwent operation at the Mayo 
Clinic. One returned home for operation 
after our mammographic diagnosis of car- 
cinoma was made (Table 111, Case 2). All 
except one were treated by radical mastec- 
tomy. The single patient (Table 111, Case 3) 
on whom simple mastectomy was done had 
cerebral vascular insufficiency and was con- 


sidered a poor operative risk. She died of 
cerebral infarction 5 days postoperatively. 

All carcinomas were found in postmeno- 
pausal patients who ranged in age from 57 
to 72 years. The breast parenchyma was 
atrophic in every case and the lesion stood 
out clearly against its fatty background. 
All presented discrete irregularly outlined 
densities. The spiculated margins of some 
gave the characteristic roentgenographic 
appearance of invasive scirrhous adeno- 
carcinoma. In other cases, only slight irreg- 
ularity of tie margins suggested carcinoma. 
Secondary signs of carcinoma such as punc- 
tate calcifications, skin thickening, nipple 
retraction, and increased vascularity were 
not observed. In one patient (Table 11, 


Tase III 


CARCINOMAS DETECTED BY ROUTINE MAMMOGRAPHY 















































Age í Histologic Type , Axillary Lymph 
Case (yr.) Location | Size (all adenocarcinoma) Operation Node Metastasis 
I Sy LOO., Re: | 5.6. Grade 3 scirrhous | Radical mastectomy None 
2 58 | U.0.Q., Rt. | 0.8 em. Scirrhous* Radical mastectomy None 
3 62. | UOO., Re. I.O cm. Grade 3 scirrhous | Simple mastectomy T 
4 64° | VO. Li I.O cm. Grade 3 scirrhous | Radical mastectomy None 
f 65 |U.LQ, Lt. | 1.2 em. Grade 3 scirrhous | Radical mastectomy None 
6 67 | UOO., Lt. 1.5 cm. Grade 3 scirrhous | Radical mastectomy None 
7 69° | UOI, LE 1,0 cm. Grade 3 scirrhous | Radical mastectomy None 
8 952 | UOU Le | 0.8 cm. Grade 2 scirrhous Radical mastectomy None 





* Patient operated on elsewhere. 


Note L.O.Q.— lower outer quadrant; U.O.Q.— upper outer quadrant; U.I.Q.— upper inner quadrant. 











T Patient died 5 days postoperatively of cerebral infarction, No metastasis found zt postmortem examination. 
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Case 5), the lesion was identified and its 
possible malignant nature suggested; but, 
as it was not palpable and as the roentgeno- 
graphic diagnosis of carcinoma was equiv- 
ocal, operation was deferred until 3 
months later when a repeat mammogram 
showed slight enlargement of the mass. 

The malignant tumors ranged in size 
from 0.8 cm. to 2.0 cm. in greatest diameter. 
None was palpable by the clinician prior to 
mammographic diagnosis; but on re-exami- 
nation of the breast after roentgenographic 
identification and localization of the lesion, 
an ill-defined “thickening” or “stranding” 
was noted at the site of the lesion in 3 pa- 
tients. No metastatic carcinoma was found 
in the axillary lymph nodes of the 7 pa- 
tients who underwent radical mastectomy. 
The lymph nodes in the 1 patient who had 
simple mastectomy were not available for 
examination, but at autopsy no metastatic 
carcinoma was found. 


COMMENT 


A single routine mammographic exami- 
nation has revealed 8 carcinomas of the 
breast in 5,014 women, a rate of detection of 
1.6 per 1,000 in patients who presented no 
clinical evidence suggesting that either 
benign or malignant disease was present in 
the breast. - 

Each of the malignant lesions was an in- 
vasive, scirrhous adenocarcinoma which 
would have gone undetected but for rou- 
tine mammography. None had apparently 
metastasized to the axillary lymph nodes, 
suggesting that mammography permitted 
early diagnosis and, as a result, may have 
given these women a greater chance for 
cure. 

In spite of these few encouraging find- 
ings, routine mammography has been dis- 
appointing. The detection rate of 1.6 car- 
cinomas per 1,000 patients (160 per 
100,000) examined is low, and no case of 
cancer was found in the younger half of our 
patients. In this regard, it is interesting, 
though not statistically valid, to compare 
the detection rate of carcinoma in this 
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highly selected series with the incidence of 
newly diagnosed, microscopically confirmed 
cases of carcinoma of the breast observed 
by Haenszel and his associates® in the gen- 
eral population of Iowa for the year 1950. 
These authors found incidence rates vary- 
ing from 61.8 carcinomas per 100,000 
population in the 35 to 44 year age group to 
199.7 per 100,000 in the 65 to 74 year age 
group, rates which compare favorably with 
the 160 per 100,000 found in this series. 
However, in the 45 to 54 year age group, 
they found 143.4 carcinomas per 100,000 
population while we found none. 

We believe that the discovery of only 8 
carcinomas in this study results from a 
combination of factors related to the effi- 
ciency of mammography in the diagnosis of 
cancer and not simply to the selection of 
patients. Mammography is not comparable 
in many ways to the histologic screening 
techniques such as the cervical smear for 
detection of early cancer. The most impor- 
tant difference is that mammographic 
diagnosis of carcinoma is based on gross 
anatomic features of a lesion large enough 
to be readily visible on the roentgenogram, 
while the histologic techniques deal with 
cellular abnormalities and permit diagnosis 
at a far earlier stage of growth. In contrast 
to the results obtained with the routine 
cervical smear where carcinoma in situ 
makes up some 90 per cent of the preclinical 
lesions detected,’ a lesion of this type can 
be diagnosed by mammography only in 
those rare instances in which stippled calci- 
fications suggest the presence of cancer. No 
such situation was encountered in this se- 
ries. 

Of possibly greater importance is the 
problem of making a roentgenographic 
diagnosis of infiltrating carcinoma. In our 
experience? mammography can establish a 
correct diagnosis in only about 85 per cent 
of the clinically palpable tumors; yet, these 
palpable lesions are, on the average, much 
larger than those we hope to identify by 
routine mammography. Very small lesions 
are hard to distinguish from small nodular 
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deposits of normal breast parenchyma and 
recognition of their malignant nature is 
difficult as the roentgenographic criteria 
upon which diagnosis depends are fre- 
quently poorly developed. Of even greater 
importance to diagnosis is the fact that 
both large and small carcinomas may be 
completely hidden bv surrounding roent- 
genographically dense breast parenchyma. 
Dense breasts (they are verv common in 
the premenopausal and menopausal age 
groups) result from the presence of promi- 
nent normal ductal structures or of diffuse 
benign disease. A large majority of the pre- 
menopausal and menopausal patients in 
this series had roentgenographically dense 
breasts and this alone probably accounts, 
in large part, for our failure to identify a 
single cancer in the younger half of our pa- 
tients. 

A final factor other than the problems of 
diagnosis which may have contributed at 
least in small measure to the low yield of 
carcinoma in this series is the reluctance to 
biopsy small, nonpalpable lesions showing 
roentgenographic features more suggestive 
of benign than of malignant processes. This 
reluctance on the part of the surgeon to ex- 
plore the breast in every such patient is 
justified by the great difficulty sometimes 
met in finding a nonpalpable lesion at 
operation as well as by the expense and the 
risk of the procedure when there is little 
likelihood of finding carcinoma. But unless 
frequent re-examination is carried out in 
these patients, cancer will, on occasion, be 
missed. 

The question of whether or not routine 
mammography is justified in light of the 
results obtained depends largely on the 
point of view. In contrast to the findings of 
Gershon-Cohen and associates? who re- 
ported 13 carcinomas in patients 50 years 
of age or younger in their series of periodic 
routine mammograms, there is no evidence 
from our study to support use of routine 
mammography in the study of asymptoma- 
tic premenopausal patients. On the other 
hand, for the asymptomatic postmeno- 
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pausal patient, some justification for its 
use might be made as all 8 of our cancers 
were found in this group. Since carcinoma 
of the breast is a devastating disease to its 
victims and since an increasing incidence is 
expected with increasing age, it could be 
argued that routine mammography is indi- 
cated in the study of postmenopausal pa- 
tients. It is our opinion, however, that there 
are practical limits of yield below which the 
quest for early cancer by screening meth- 
ods, not only in the breast but in any or- 
gan, is not justified. Such appears to be the 
case here. Even in the older patients in this 
series, the yield by mammography is hardly 
adequate to Justify recommendation of this 
examination as a routine screening test for 
detection of preclinical carcinoma. It must 
not be construed, however, that we believe 
the findings in this highly selected group of 
asymptomaric patients to be representative 
of the findings in all patients, for it is our 
opinion that there is real value in mammog- 
raphy for study of patients with specific 
breast complaints, for follow-up of patients 
with a history of mastectomv for cancer of 
the breast, and for study of patients with 
any abnormality of the breast found on 
physical examination. 


SUMMARY AND CONCLUSIONS 


Routine mammography of £,014 women, 
40 years of age or older, who had no signifi- 
cant breast complaints or findings revealed 
8 preclinical carcinomas (1.6 carcinomas 
per 1,000 patients examined). Axillary 
lymph node metastases were not demon- 
strated in any patient. No carcinoma was 
found in premenopausal patients. 

The failure to obtain a higher diagnostic 
vield than we did is believed to be due in 
part to the selection of patients, in part to 
the difficulty of identifying small carcino- 
mas as malignant lesions, and in part to the 
difficulty of identifying small carcinomas in 
the roentgeaographically dense breasts of 
premenopausal and menopausal patients. 

We conclude that the use of routine 
mammography as a screening examination 
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for detection of preclinical carcinoma of the 
breast in all asymptomatic women over 40 
years of age cannot be justified. There 
may, however, be some place for routine 
mammography in postmenopausal women. 
Mayo Clinic 

Rochester, Minnesota 
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NONMALIGNANT VARIATIONS IN MAMMOGRAPHY* 


By PHILIP STRAX, M.D., and MAURICE M. POMERANZ, M.D. 


ELMHURST, NEW YORK 


I^ THE so years since Salomon" found 
that cancer of the breast can be seen on 
à soft tissue roentgenogram, much has been 
written on the use of mammography as a 
means of differentiating malignant. from 
nonmalignant variations. However, stress 
has been placed on the changes that lead to 
the diagnosis of cancer. Comparatively 
little has been done to define the normal fe- 
male breast with its many benign varia- 
tions. 

The mammogram is a gross anatomic 
view of the entire breast represented on the 
roentgenogram by linear and rounded shad- 
ows of varying density, shape and outline. 
For an explanation of these markings, one 
turns to texts on pathology or on diseases of 
the breast. Here one finds the problem con- 
fused by such entities as: mastodynia, 
fibrocystic mastopathy, chronic mastitis, 
fibroadenomatosis, mazoplasia, Schimmel- 
busch's disease, and cystopherous desqua- 
mative epithelial hvperplasia.^? 75? Radi- 
ologists experienced in mammography have 
adopted some of these terms in their 
description of roentgenographic find- 
ings.” 55519? However, conditions based on 
histologic studies may not be easily applica- 
ble to roentgenographic shadows, especially 
since there 1s wide variation among pathol- 
ogists as to the meaning of some of these 
conditions. 

A classification of nonmalignant varia- 
tions based on structures visualized on a 
roentgenogram 1s being submitted (Table 
1). These variations can be simply dis- 
tinguished one from the other. The pathol- 
ogists nomenclature is replaced with 
roentgenologic terms based on shadows 
actually seen on à mammogram. Of course, 
more than one variation may be, and usu- 


TABLE I 


CLASSIFICATION OF NONMALIGNANT VARIATIONS 


Ductal 
I. [ntraductal 
a. dilated ducts (epithelial hyperplasia) 
b. secretory disorder (duct ectasia) 
c. papilloma 
2. Periductal 
a. subareolar fibrosis 
b. localized inflammation (abscess) 
c. diffuse inflammation (plasma cell mastitis) 
Glandular 
I. Circumscribed lobular growth (fibroadenoma) 
2. Diffuse lobular growth (adenosis) 
3. Cystic changes 
a. circumscribed (simple cyst) 
b. diffuse (mazoplasia cystica) 
Stromal 
1. Fibrous 
a. localized 
b. diffuse (mazoplasia fibrosa) 
2. Fatty 
a. circumscribed (lipoma) 


b. diffuse 





ally is, found on any one roentgenogram. 

Mammograms may be broadly divided 
into those showing and those not showing 
cancerous change. The nonmalignant 
breast, and even the cancerous one, will 
contain one or more of these benign varia- 
tions. Its structure can be defined roent- 
genologically in terms of these variations. 
Some of them are due to normal physio- 
logic change; some are probably the result 
of abnormal physiology; and a few may 
represent precursors of malignancy. 

It is hoped that this purely roentgeno- 
logic classification will help the radiologist 
develop a more complete concept of the 
structure of the broad group of normal fe- 
male breasts and their nonmalignant varia- 
tions. 


* From the Department of Radiology, City Hospital Center at Elmhurst, Elmhurst, New York. 
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Fic. 1. Diagram of main structural 
elements of breast. 


DISCUSSION 


The essential structural elements of the 
breast (Fig. 1) consist of the ducts (of which 


there are about 15-20) which divide into 
ductules, each of which terminates in a 





Dilated ducts. 


Fic. 2. 
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lobule—the basic glandular structure. There 
is, in addition, the stroma or supporting 
structure, which consists of varying 
amounts of fibrous and fatty tissues. One 
can construct a working classification by 
utilizing the variations in the amount, 
arrangement and localization of these 
structural elements to better understand 
the mammogram. 


DUCTAL VARIATIONS 

Hormonal stimulation over a period of 
years has an important effect on the ducts 
as well as on the periductal tissue. Some 
ducts participate in this process to a 
greater extent than others. These changes 
may be classified as follows: 

1. Intraductal—the process is confined 
within the ducts and mav consist of: 

a. Dilated ducts—the ducts are thick- 
ened and tortuous and are seen as dense 
bands radiating out from the nipple. This 
concition is also referred to as epithelial 
hyperplasia (Fig. 2). 


l'1G. 3. Secretory disorder (recent). 


VoL. 





Fic. 4. Secretory disorder (old). 


b. Secretory disorder—if the dilated 
ducts fan out from an inverted, retracted 
nipple, secretory disorder is likely. The 
condition is usually associated with a nip- 
ple discharge (Fig. 3). In older women, 
these secretions tend to calcify, producing 
round, smooth and fairly large densities in 
the line of the ducts—the end stage of the 
disorder (Fig. 4). It is important to become 
familiar with these shadows because they 
must be differentiated from the microcalci- 
fications seen in cancer. This condition 1s 
also called duct ectasia. 

c. Papilloma—this sharply circum- 
scribed, small, rounded density, varying in 
size up to .5 cm. in diameter, is seen in the 
line of a duct, usually near the nipple. It, 
too, is frequently associated with a dis- 
charge which may be bloody (Fig. 5). 


+S > 


lic. 6. Subareolar fibrosis. 
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liG. 7. Localized inflammation. 


2. Periductal—a tissue reaction 
rounds the ducts and may appear as: 
a. Subareolar fibrosis—fibrous tissue 
has been formed about the ducts to such an 
extent that only a localized area of fibrosis 
Is seen under the nipple. Individual ducts 
are no longer clearly outlined (Fig. 6). 

b. Localized inflammation—an inflam- 
matory periductal process results in the 
formation of a dominant mass or density 
having ill-defined margins usually in the 
subareolar region. It is sometimes associ- 
ated with a thickening of the skin of the 
breast. This is the abscess, which mav be 
mistaken for a malignant tumor. History 
and physical findings may be needed for 
differential diagnosis (Fig. 7). 

c. Dittuse inflammation—duct con- 
tents have broken through the wall to pro- 
luce an irritative inflammatory process. 
This is frequently referred to as plasma cell 


sur- 
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mastitis. Roentgenologically, this lesion ap- 
pears as an irregular soft density with 
flame-like filaments or protrusions. This 
lesion may be hard to distinguish from a 
malignant tumor. Here, too, history may 
be needed for diagnosis (Fig. 8). 

GLANDULAR VARIATIONS 

There is great diversity in the number, 
development and even location of breast 
lobules. These alterations may be classified 
as follows: 

I. Circumscribed lobular growth—this 
is a sharply demarcated, often lobulated 
and frequently encapsulated mass referred 
to as fibroadenoma, delineated by a trans- 
lucent halo. At times, it shows some areas 
of calcification. It does not infiltrate, but 
pushes the breast tissue aside (Fig. 9). It 
may grow rapidly and become quite large 
the giant fibroadenoma or cvstosarcoma 
phvlloides (Fig. 10). In the fibrous breast, 
the density of the fibroadenoma approxi- 





l'1c. 8. Diffuse inflammation. 





Fic. 10. Giant circumscribed lobular growth. 





Fic. 11. Diffuse lobular growth. Fic. 12. Circumscribed cystic change. 
a 





Fic. 13. Diffuse cystic change. 








Fic. 15. Diffuse fibrous change. lic. 16. Circumscribed fatty change. 
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mates that of the surrounding tissue and 
mav be detected with difficulty. 

2. Diffuse lobular growth—more or less 
diffusely scattered small, fuzzy densities 
may be present throughout the breast or in 
small patches. Some appear to coalesce. 
The condition is also called adenosis (Fig. 
i1. 

3. Cystic changes—dilatation of duc- 
tules produces multiple, roughly circular, 
dense, cystic masses which may be of two 
types: 

a. Circumscribed—in this type, the 
cysts are rather large (over I cm.) and may 
be either single or multiple. They are usu- 
ally spherical, sharply outlined and do not, 
as a rule, display the lobulations or calcif- 
cations which are seen in fibroadenoma. 
They occur in an older age group than the 
latter (Fig. 12). 

b. Diffuse—numerous small cysts are 
present which may fill much of the breast. 
Their margins are more sharply defined 
than in lobular changes. This condition 1s 
also referred to as mazoplasia cvstica (Fig. 
13). 


STROMAL VARIATIONS 


The supporting substance of the breast 
consists of fibrous and fatty tissues, in 
varying proportion: 

t. Fibrous changes—these are well de- 
lineated, sheet-like structures, which may 
be: 

a. Localized—the fibrous changes may 
be concentrated in a small area (Fig. 14). 

b. Diffuse—the entire breast is dense, 
and has the appearance of an adolescent 
breast. With the exception of a thin subcu- 
taneous layer of fat, the entire breast ap- 
pears to consist of a mass of fibrous tissue. 
This change is often referred to as mazo- 
plasia fibrosa (Fig. 15). 

2. Fatty changes—all breasts contain 
fat in varying amounts, but it is striking in 
two conditions: 

a. Circumscribed—a well circum- 
scribed radiolucent collection of fat, usu- 
ally subcutaneously, forms the lipoma, as 
in other parts of the body (Fig. 16). 
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Fic. 17. Diffuse fatty change. 


b. Ditftuse—the homogeneous ground 
glass appearance with few fibrous strands 
and minimal lobular elements 1s usually re- 
ferred to as the atrophic type (Fig. 17). 

SUMMARY 

Mammography has been promoted pri- 
marily as a procedure by which to detect 
cancer and to differentiate it from the 
many nonmalignant variations of the 
breast. We suggest that these variations be 
carefully delineated and classified so that 
they may be distinguished more easily from 
malignancy. Such a study will lead not only 
to a better appreciation of the roentgeno- 
graphic appearances of cancer but may 
give the radiologist a greater insight into 
the changes that precede the malignant 
State. 
Philip Strax, M.D. 
Department of Radiology 
City Hospital Center at Elmhurst 
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CALCIFICATION IN BREAST DISEASE 
MAMMOGRAPHIC-PATHOLOGIC 
CORRELATION* 

By LEONARD H. LEVITAN, M.D., Fellow in Radiology; DAVID M. WITTEN, M.D., 
Section of Roentgenology, and EDGAR G. HARRISON, Jr., M.D., Section of Surgical Pathology 


Mayo Clinic and Mayo Foundaticn 
ROCHESTER, MINNESOTA 


ALCIFICATION is an important sign 

in the roentgenologic diagnosis of can- 
cer of the breast. This study was designed 
to describe the pathologic characteristics of 
calcification in diseases of the breast and to 
help distinguish the different types that ap- 
pear on the mammogram. 


HISTORICAL REVIEW 


Calcified tumors of the breast had been 
thought to be extremely rare. Conway,‘ in a 
search of the world literature in 1936, could 
find onlv 31 authentic reports of tumors of 
the breast containing calcium or bone. The 
earliest report was by Morgagni” in 1779. 
In the classic works concerning tumors of 
the breast, scant attention has been paid to 
calcification. Cheatle and Cutler? men- 
tioned calcification only in relation. to 
hbroadenomas. 

Diagnostic roentgenograms of the breast 
were made bv a number of investigators in 
the 1920’s and 1930's. These radiologists 
were hampered by lack of a good soft tissue 
technique and, therefore, were unable to 
visualize fine particles of calcium. In 1949, 
Leborgne" first demonstrated that evidence 
of calcification on breast roentgenograms 
could aid in the detection of breast cancer. 
Leborgne stated: “‘Calcifications in car- 
cinoma are, generally, tiny, dot-like or 
somewhat elongated, innumerable and ir- 
regularly grouped very close together in an 
area of the breast, resembling a powdering 
of fine grains of salt. In microscopical sec- 
tions, these calcifications are seen in the 
foci of tumoral necrosis and are most often 
found in the central necrotic portion of car- 


cinomatous ducts.” Leborgne also first de- 
scribed the roentgenologic appearance of 
the calcification seen in mammary duct 
ectasia and fibroadenoma. 


MATERIALS AND METHODS 


Pathologic specimens were obtained in 
249 cases after mammography. Two hun- 
dred forty of the cases comprise consecutive 
Mayo Clinic material, and g subsequent 
cases were added because they were unusu- 
ally interesting. 

A histoogic diagnosis of carcinoma of 
the breas: was made in 78 of the 240 
cases. The specimens in the 78 cases were 
examined grossly for evidence of calcifica- 
tion. In she carcinomas with roentgeno- 
graphic evidence of calcification, we at- 
tempted -o obtain tissue blocks from the 
part of the cancer that contained the cal- 
cium, using the mammogram to aid in 
localization. If histologic preparations did 
not contain calcium and thus were unsatis- 
factory, roentgenograms were made of the 
specimen to localize the calcium and addi- 
tional tissue blocks and sections were cut. 
Calcification was finally demonstrated his- 
tologically in all the cases of carcinoma in 
which it was noted on the mammogram. 

One or more tissue blocks were cut from 
the carcinomas with no roentgenographic 
evidence of calcification, and tissue sec- 
tions frem these blocks were examined in 
an effort to detect any microscopic evidence 
of calcification. 

Of the 240 lesions, 162 were histologically 
benign. The benign lesions that presented 
roentgenographic evidence of calcification 


* Abridgment of thesis submitted by Dr. Levitan to the Faculty of the Gradua-e School of the University of Minnesota in partial ful- 
fillment of the requirements for the degree of Master of Science in Radiology. 
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TABLE I 


FREQUENCY OF CALCIFICATION IN THE HISTOLOGIC 
TYPES OF CARCINOMA OF THE BREAST 



















Evidence of 
Calcification 
T No. of 
Ype Cases | Roentgeno- Histolog; 
graphic and npe 
Histologic "m 
Infiltrating ductal 
Scirrhous 16 21 
Comedo 6 I 
Colloid O o 
Medullary I O © 
Papillary O O 
Noninfiltrating 
Ductal I O 
Adenoid cystic o o 
Apocrine o o 
Total 25 22 


were examined grossly and microscopically. 
If necessary, roentgenograms of the speci- 
men were made to find the area of calcifica- 
tion. We were successful in demonstrating 
calcification histologically in all but the 
few cases in which the calcified area shown 
on the mammogram had apparently not 
been included in the excised specimen. 
Sixty-five consecutive benign lesions that 
were without roentgenographic evidence of 
calcification were also examined grossly and 
microscopically for calcium. 

In addition to hematoxylin and eosin, 
von Kossa-stained slides were prepared for 
all malignant and benign lesions in which 
calcification was detected on the mammo- 
gram. When no calcification was visible on 
the mammogram and microscopic evidence 
of calcification was equivocal in sections 
stained with hematoxylin and eosin, von 
Kossa’s stain was also used. Alizarin red, a 
direct stain for calcium, was used in addi- 
tion to the hematoxylin and eosin and the 
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von Kossa stain in 20 cases. Correlations 
between these stains in demonstrating cal- 
cium deposits were satisfactory. 

lo ascertain whether the calcium depos- 
its seen under the microscope were large 
enough to be visible in the mammogram, 
the von Kossa-stained slide was held to a 
bright light and examined with the naked 
eye. If the stained deposit was easily dis- 
cernible, it was deemed large enough to be 
seen in the mammogram. Microradiograms 
were made in 3 cases to establish proof 
that the densities seen in the mammogram 
corresponded to the deposits of calcium 
seen in the histologic section. 


RESULTS 
Calcification in Carcinoma (Fig. 1 
through 6). Calcification was demon- 


strated on the roentgenogram (Fig. 14) and 
also at histologic examination in 23 (29 per 
cent) of the 78 consecutive cases of car- 
cinoma. In 22 additional cases only histo- 
logic evidence: of calcification was found. 
Thus, 45 (58 per cent) of the 78 consecutive 
cases of mammary carcinoma presented 
histologic evidence of calcification (Table 
I) This percentage is conservative since 
only random sections were cut in cases 
without mammographic evidence of calci- 
fication. 

Gross examination of the specimen 
proved of limited value in the study of cal- 
cification. Occasionally, the gritty sensa- 
tion evoked by the knife cutting across a 
comedo in a duct suggested the presence of 
calcium. The mammogram was much more 
reliable when evidence of calcification was 
sought. In fresh specimens with mammo- 
graphic evidence of calcification but with- 
out a gross tumor, careful inspection of thin 
slices of the breast tissue at times demon- 
strated small (0.5 to 1 mm.) white flecks. 
These slices were carefully selected for 
frozen or paraffin section and often demon- 
strated foci of comedocarcinoma with cal- 
cification. 

Of interest in this study was the inciden- 
tal observation that the white “chalky” 
streaks seen in gross specimens of scirrhous 
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Fic. 1. (a) Clusters of stippled calcium deposits without a distinguishable mass in a comedocarcinoma. (4) 
Calcium particles are located at the periphery of the necrotic content of the comedo duct (hematoxylin and 
eosin, X40). (c) Longitudinal section through a comedo duct showing separate calcium deposits (hema- 
toxylin and eosin, X30). (4) Microradiogram demonstrating granularity of the calcium particles (X 35). 
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Fic. 2. Unique example of arborizing calcification 
in a noninfiltrating comedocarcinoma. 


adenocarcinomas do not represent calcifi- 
cation. Rather, these are caused by hyalin- 
ized periductal fibrosis within the tumor. 

Microscopic examination of sections re- 
vealed that the larger calcified particles, 
which were mammographically detectable, 
were always located in the cancerous ducts. 
These ducts usually contained comedocar- 
cinoma with necrotic central portions. The 
calcium was often disposed in the periph- 
ery of the necrotic intraductal material 
(Fig. 14). Occasionally, the calcium filled 
the entire cross section of the duct. Such 
calcification was infrequently demon- 
strated in a duct otherwise filled with viable 
cancer cells. Fortuitously, some ducts were 
cut longitudinally instead of in cross sec- 
tion. The intraluminal deposits of calcium 
were usually irregularly dispersed along the 
length of these ducts (Fig. Ic). 

In one notable exception, the necrotic 
ducts calcified in pipestem fashion and 
arborized out into lobules (Fig. 2). In this 
case the calcifed ducts appeared linear in 
the mammogram, whereas the calcified 
lobules appeared stippled. This noninfil- 
trating ductal carcinoma offered a unique 
type of breast calcification that has not 
been reported previously in the literature. 


L. H. Levitan, D. M. Witten and E. G. Harrison, Jr. 


Jvrv, 1964 


Minute foci of calcification, which could 
only be seen microscopically, were more 
common than was mammographically de- 
tectable calcification and occurred in 22 of 
the 78 consecutive cases of carcinoma. In 
addition, manv of the cases with mammo- 
graphic evidence of calcification also 
showed minute calcified particles micro- 
scopically. The most frequent location for 
these microscopic foci was in the lumen of 
small malignant glands (Fig. 34). Minute 
foci of calcium deposits were also some- 
times present in comedo ducts. Less com- 
monly, calcium replaced individual cancer 
cells or portions of glands in areas of scir- 
rhous carcinoma, and at times (Fig. 34) was 
seen only as remnant deposits in fibrous 
tissue devoid of viable glands. 

Two distinct tvpes of calcification were 
found in carcinoma: granular and psam- 
momatous. The mammographically detect- 
able deposits of calcium in comedocarci- 
noma were always granular. The coarse tex- 
ture of this type was best demonstrated in 
the microroentgenogram (Fig. 147). Some of 
the deposits in the smaller infiltrating ducts 
also appeared granular. Psammomatous 
deposits of calcium were always micro- 
scopic and had a characteristic laminated 
appearance (Fig. 3, a and 2). This type was 
found in the lumen and in the wall of the 
small malignant glands or in the remaining 
fibrous tissue, particularly in regions of 
scirrhous carcinoma. 

Table 1 shows the frequency of calcifica- 
tion in the various histologic types of car- 
cinoma found in this series. Six of the 7 in- 
hltrating comedocarcinomas showed evi- 
dence of calcification in the mammogram. 
The 16 scirrhous carcinomas that had 
roentgenographic evidence of calcification 
also had zones of comedocarcinoma, and 
the calcium deposits that were roentgeno- 
graphically visible were located in these 
comedo areas (Fig. 4). 

The roentgenographic appearance of 
calcification in carcinoma of the breast in 
our series can be summarized as follows: (1) 
the calcified particles were fine rather than 
coarse; (2) the individual particles of cal- 
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liG. 3. (a) Microscopic-sized deposits of calcium are located in lumen of small malignant glands (hematoxylin 
and eosin, X175). (7) Deposits lie free of the glands in a bed of scirrhous carcinoma (hematoxylin and 
eosin, X 375). The calcification is psammomatous in both a and 7. 


cium were irregular; (3) many particles of Calcification in Benign Lesions. Mammo- 
calcium were usually, but not always, graphically detectable calcification was evi- 
present; and (4) the calcium deposits were dent in only 3 cases of fibroadenoma in our 
located in the lesion or outside the lesion group. The larger size distinguished these 
or both. In 4 cases in the consecutive series, deposits from those seen in carcinoma of the 
there was no mass and calcification was the breast. In one, the coarse bits of calcium 
only roentgenographic sign of carcinoma. were found to beintraductal microscopically. 





Fic. 4. (a) Typical roentgenographic appearance of scirrhous carcinoma with characteristic brush borders and 
a few irregular bits of calcium. (4) Calcific deposit located ir a comedo zone of predominantly scirrhous 
adenocarcinoma (hematoxylin and eosin, X75). 
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In 3 cases of mammary duct ectasia, 
mammographically detectable calcification 
was observed. The calcific deposits were 
located in the thickened periductal tissue 
around distended ducts. In one, the calcium 
encircled the duct completely and the 
mammogram showed circular and cvlindri- 
cal calcification (Fig. 5, a and 2). In 
another case, onlv a portion of the circum- 
ference of the duct was calcified. 
fication in the mammogram appeared 
linear instead of cylindrical and was 
oriented in the direction of the milk ducts. 


The calci- 


Fibrocvstic and proliferative diseases of 


the breast are a heterogeneous group that 
includes fibrocystic mastitis (mazoplasia), 
sclerosing adenosis, and Schimmelbusch’s 
disease (apocrine metaplasia). More than 
[OO cases In our consecutive series were in- 
cluded in this category. In 4 of these, there 
was roentgenographic evidence of calcifica- 
tion. Three added cases, not in the consecu- 
tive series, brought the total in this cate- 
gory with mammographically detectable 
calcification to 7. The specific diagnoses 
include Schimmelbusch's disease in 2 cases, 
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Sclerosmg adenosis in 2, cystic mastitis in 
2, and fibrocystic mastitis in 1. In 6 of the 7 
cases, the calcification was intraductal and 
the eros secdoual areas of the dilated 
cystic ducts were filled with calcium (Fig. 
6, a, b and c; and 7, a, b and c). In the 
seventh case calcification was evident in 
the papillary excrescences of the duct lining 
that projected into the lumen of the duct 
(Fig. 8). The epithelium of this duct had 
undergone apocrine metaplasia. 

The tvpe of calcification in these benign 
lesions differed markedly in histologic ap- 
pearance from that found in comedocar- 
cinoma. In the fibrocystic disease group, 
the areas of calcification appeared homo- 
geneous or laminated, whereas in comedo- 
carcinoma they were granular. The micro- 
radiograms showed this homogeneity (Fig. 
6c and 7c). The stippled type of calcifica- 
tion shown in the mammogram in these 7 
benign lesions had no roentgenographic 
characteristics that would distinguish it 
trom the calcification in a carcinoma. 

The specimens in 65$ cases of fibrocystic 
and proliferative diseases without roent- 





Fic. 5. ence duct ectasia. (2) The calcium is located in thickened walls around dilated ducts (hema- 
toxylin and eosin, X 55). (6) Mammogram demonstrating cylindrical and circular calcification. 
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FIG. 6. 
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(a) Irregular 3 cm. mass with clusters of calcium deposits located in and around the mass. A roent- 


genologic diagnosis of carcinoma was made. (7) On histologic section, this lesion proved to be sclerosing 


adenosis. Calcium deposits fill the dilated ducts (hematoxylin aad eosin, 


X 100). (c) Microradiogram dem- 


onstrating homogeneous and laminated character of the lesion (X40). 


genographic evidence of calcification were 
also studied. Microscopic evidence of calci- 
fication was found in only 3, and the cal- 
cium was located in the lumen of small ducts. 

[In the one case of fat necrosis with calci- 
fication in the series, the mammogram 
showed a poorly defined mass containing 


streaks and bits of calcium arranged in 
bizarre fashion (Fig. 94). The histologic 
section demonstrated that the deposits of 
calcium were scattered in the margin of 
liberated fat and in reactive connective 
tissue (Fig. 92). 

Rounded phlebolith-like deposits of cal- 
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cium that were often seen in the mammo- 
gram were sometimes found in the walls of 
dilated ducts on histologic examination. 
Deposits of calcium in the arteries are 
often seen in the mammogram and appear 
the same as they do elsewhere in the body. 


COMMENT 


Calcification is common in carcinoma of 
the breast. The highest incidence reported 
in the literature 1s 75 per cent when roent- 
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genograms of the paraffin blocks from mam- 
mary cancers were made.'® Mammographic 
evidence of 77 vivo calcification in carcinoma 
has been obtained in 19 to 44 per cent in 
reported series.?:! 1*6 Qur figure of 29 per 
cent corresponds favorably to that re- 
ported by Leborgne™ and by Ingleby and 
Gershon-Cohen.” 

Leborgne recognized that the calcifica- 
tion in breast cancer as indicated by the 
mammogram usually was located in the 





Fic. 7. (a) Clusters of stippled calcium deposits involve a large area in the upper portion of the breast, and no 
associated mass is seen. (4) Calcium deposits are located in dilated ducts, which have thickened walls 
(hematoxylin and eosin, X40). (c) Microradiogram shows homogeneous nature of calcification (X45). 


TN 


liG. 8. Psammomatous calcium An in apocrine 
metaplasia that are located in papillary excres- 
cences of the apocrine duct (hematoxylin and 
eosin, 190). 


central necrotic portion of comedocar- 
cinoma. In our study, this was almost al- 
ways true. Gershon-Cohen and associates? 
first described this intraductal calcification 
of the comedocarcinoma as granular when 
viewed microscopically, and this was also 
evident to us on both microscopic and 
microradiographic examination. Aschoff? 
and Gershon-Cohen and associates? ob- 
served that areas of calcification in breast 
cancer sometimes appeared psammoma- 
tous under the microscope. We found that 
psammomatous deposits of calcium are a 
frequent histologic finding in breast cancer 
but they are rarely large enough to be seen 
in the mammogram. 

After making roentgenograms of a series 
of paraffin blocks, Shepard and co-workers! 


concluded that no one histologic tvpe of 


mammary cancer showed a greater inci- 
dence of calcification than any other. Our 
study does not substantiate their findings. 





Calcification in Breast Disease Ey, 


In all of the carcinomas of our series that 
showed stippled calcification in the mam- 
mogram, calcium was demonstrated in a 
comedocarcinoma element, even when the 
predominant histologic pattern was scir- 
rhous adenocarcinoma. 

Calcification may occur in various benign 
lesions of the breast. Fibroadenomas? and 
mammary duct ectasia'"? have distinctive 
types of calcification that readily 
tinguish them from carcinoma. However, 
calcification seen in the mammogram in 
fibrocystic and proliferative diseases of the 
breast may mimic exactly that seen in 
carcinoma. Previous authors have not 
stressed the difficulty of distinguishing be- 
tween these benign and cancerous lesions 
when calcification is the principal diagnos- 
tic sign. 7:19:75 [n our consecutive series 
there were 4 cases of the fibrocvstic disease 
group in which the mammograms showed 
stippled calcification and 4 cases of car- 
cinoma in which the stippled calcification 
was the only positive roentgenographic 
sign of carcinoma; the stippled calcification 
exhibited by these benign and malignant 


dis- 


lesions was roentgenographically indis- 
tinguishable. By contrast, the granular 
histologic appearance of mammographi- 


cally discernible calcification in carcinoma 
differed markedly from that of the homo- 
geneous or laminated calcification in fibro- 
cystic disease. 

SUMMARY 

Two hundred forty consecutive cases of 
lesions of the breast in which pathologic 
specimens were obtained after mammog- 
raphy and g additional cases were studied 
for histologic and mammographic evidence 
of calcification. 

Roentgenog raphic evidence of 
tion was obtained in 23 (29 per cent) of 78 
consecutive cases of carcinoma of the 
breast. Typically, these deposits were seen 
in the mammogram as numerous, irregu- 
larly grouped and finely stippled areas of 

calcification with an irregular contour. 

On histologic examination of specimens 
of carcinoma in which calcification was 


calcifica- 
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Fic. 9. (a) Mammogram in a case of fat necrosis showing an irregular mass containing bizarre streaks of cal. 
cium. (4) Tissue clefts are seen from which fat has been removed by solvents in preparation of sections. The 
calcium is located in the margin of these clefts and in reactive fibrous connective tissue (hematoxylin and 
eosin, X100). 


visible in the mammogram, the calcium was 
almost alwavs located within intraductal 
necrotic comedocarcinoma, even in those 
cases which were predominantly of the 
scirrhous carcinoma type. These deposits 
were histologically granular. 

Deposits of calcium too small to be seen 
in the mammogram were found in 22 
additional cases of carcinoma of the breast. 
These deposits were usually located in the 
lumen of malignant glands and were often 
psammomatous. 

There were 162 benign lesions studied. 
Calcium deposits were larger in fibro- 
adenomas than in the carcinomas. In mam- 
mary duct ectasia, the thickened periductal 
tissue sometimes calcified to produce linear 
or cylindrical structures oriented in the 
direction of the lactiferous ducts. In fibro- 
cystic mastitis, calcium deposits were 
rounded and homogeneous and were usu- 
ally located in the lumen of a cystic duct. 

Roentgenologically, calcium deposits in 


the fibrocystic and proliferative diseases 
may mimic those of carcinoma. Four such 
cases were found in our consecutive series 
and 3 in the added cases with evidence of 
calcification in the mammogram that 
could not be distinguished from that of car- 
cinoma. Thus, while stippled calcification 
on the mammogram is often a sign of malig- 
nancy, our study has demonstrated that it 
may also be present in benign lesions. 
Mayo Clinic 

Rochester, Minnesota 
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CONTRAST EXAMINATION OF THE LARYNX 
AND PHARYNX* 


INSPIRATORY PHONATION 


By W. E. POWERS, M.D.. T S. HOLTZ, M.D.,¢ and J. OGURA, M.D.$ 


ST. LOUIS, MISSOURI 


ONTRAST examination of the larynx 

and pharynx has proved to be of great 
value in the diagnosis of laryngeal and 
pharyngeal lesions.! The examination has 
been notably successful in the selection of 
patients for treatment bv radiation ther- 
apy, supra-radical conservative surgery, 
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or total extirpative surgery by the delinea- 
tion of supraglottic and glottic tumors from 
transglottic tumors.? Occasional glottic and 
infraglottic cancers cause enlargement. of 
the true cord to such an extent that the 
larvngeal ventricle though uninvolved is 
completely occluded by the elevated true 
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INSPIRATORY 
PHONATION 


Fic. 1. Carcinoma of the true cord. (4) Inspiration. Roentgenogram demonstrates the retraction of the cords 
and the small bulky mass produced by the left true cord tumor. (B) Phonation. The ventricles are well de- 
fined and the enlargement of the true cord is noted. (C) Zuspiratorv phonation. The ventricles are mark- 
edly dilated, the enlargement of the true cord is easily seen and the medial wall of the hypopharynx is 


coated with contrast medium and easily identified. 


* From the Edward Mallinckrodt Institute of Radiology,t and the Department of Otolaryngology,$ Washington University Schoo! of 


Medicine, St. Louis, Missouri. 


t Formerly from the Edward Mallinckrodt Institute of Radiology, now with Cochran Veterans Administration Hospital, St. Louis, 


Missouri. 
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Fic. 2. Carcinoma of the true cord. (4) Inspiration. Roentgenogrzm demonstrates the bulky mass of the 
tumor relatively well. (B) Phonation. The laryngeal ventricle is not very well defined and the mass of the 
true cord is poorly demonstrated. (C) Inspiratory phonation. The ventricle is widely dilated and the en- 
largement of the true cord is easily seen. The configuration of the medial aspect of the hypopharynx is 


easily identified. 


cord. Clinically and by laryngography pa- 
tients with lesions of this character appear 
to have transglottic extension of the tumor. 
Similarly, a small number of supraglottic 
lesions may appear to involve the true 
cord. In the cases in which the true and 
false cords are involved, the treatment of 
choice has been total extirpative surgery. 
An incorrect diagnosis, placing patients into 
this transglottic group, may result in un- 
necessarily radical and destructive surgical 
treatment. 

It is apparent, therefore, that the delinea- 
tion of the laryngeal ventricle is a most 1m- 
portant consideration in diagnosis and se- 
lection of cases of tumors of the larynx for 
the various modalities of therapy. It is for 
this reason that interest was directed to 
finding a more explicit technique for evalu- 
ation of the ventricle. A suggestion was 
made by Dr. Albin Steiner that the man- 
euver of inspiratory phonation might be of 


considerable value for this purpose. 

The maneuver of inspiratory phonation 
is performed by the patient with relative 
ease. The patient is instructed to com- 
pletely exhale and then on the next inspira- 
tion to make a stridorous inspiratory sound 
with phonation of "e" or other relatively 
high pitched sound. At the height of the 
inspiratory phonation of this stridorous 
sound a spot roentgenogram 1s made. 


ILLUSTRATIVE CASES 


Two cases of true cord carcinoma are 
illustrated to show the benefits of this 
mechanism of study (Fig. 1, 4, B and C; 
and 2, 4, B and C). It is to be noted that 
two areas of the larynx not clearly defined 
with other maneuvers used in roentgeno- 
graphic examination of the larynx are well 
visualized and completely identified. The 
laryngeal ventricle is widely dilated. This 
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dilatation is the result of the movement 
inferiorly of the cords and approximation of 
the cords during the inspiratory phonation. 
It is thus possible to determine the size and 
contour of the ventricle and then deter- 
mine the extent of involvement or lack of 
involvement of the ventricle by tumor. 
In addition to the excellent visualization of 
the laryngeal ventricle, there is visualiza- 
tion of the medial wall of the pyriform 
sinus. In this functional maneuver, the 
arytenoids are moved forward in the pho- 
nation mechanism allowing air and con- 
trast to enter the lower hypopharynx and 
coat the medial walls of the pyriform sinus- 
es. This region of the hypopharynx is 
poorly visualized when other maneuvers 
are employed during roentgenographic 
examinations of the larynx and hypo- 
pharynx. 

This method of inducing physiologic 
movement of the larynx is also of great 
benefit in indirect laryngoscopy for it is 
possible to visualize then a greater portion 
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of the true cords than with any other 
method of phonation. 


SUMMARY 


A new method of physiologic mechanism 
to be used in the evaluation of the larynx 
and pharynx by indirect laryngoscopy and 
contrast examination is described. 


W. E. Powers 

The Edward Mallinckrodt 
Institute of Radiology 

510 South Kingshighway 

St. Louis 10, Missouri 
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EVALUATION OF THE CLINICAL USEFULNESS OF 
ROENTGENOLOGIC FINDINGS IN SQUAMOUS 
CELL CARCINOMAS OF THE LARYNX* 


By RUBIN KLEIN,+ M.D., and GILBERT H. FLETCHER, M.D. 


HOUSTON, TEXAS 


INCE 1922, the lateral soft tissue 
roentgenogram of the neck! and, since 
the 1930’s, the frontal laminagram of the 
larynx*^* have been an integral part of a 
complete examination of laryngeal tumors. 
This roentgenologic tumor survey’ has 
been used routinely on approximately 400 
patients with primary untreated cancers of 
the larynx who were seen at this institution 
from 1948 through 1959. The basic policy 
at this hospital has been to irradiate early 
lesions and to reserve for laryngectomv the 
more advanced lesions, unless patients 
were treated for palliation or were medi- 
cally unsuitable for surgical procedures. 
Thus, surgical specimens were available in 
most of the cases where demonstrable roent- 
genologic findings were present.’ 

There are difficulties in interpreting 
the roentgenologic findings. Edema, often 
present because of the trauma of taking a 
biopsy specimen by direct laryngoscopy, is 
likely to cause over-reading. To avoid at- 
tributing clinical significance to small ana- 
tomic or technical variations, the range of 
normal findings must be appreciated. A 
methodology must be developed for the 
interpretation of the roentgenologic distor- 
tions of the laryngeal structures; such a 
methodology should correlate these distor- 
tions with the clinical findings. 

It is important to know whether a per- 
centage correlation exists between the 
roentgenologic diagnosis of disease exten- 
sions and their actual demonstration in the 
surgical specimen. If there is a high degree 
of correlation, roentgen findings can be 
relied upon in choosing definitive therapy, 


modalities of surgical and radiotherapeutic 
techniques. Furthermore, the roentgen 
findings can be used in the increasingly pop- 
ular T, N, M staging system, which is based 
on the exact determination of the tumor's 
site of or.gin and all extensions of the dis- 
ease. 

The natural history of the squamous cell 
carcinomas of the larynx depends upon 
their site of origin. Figure 1,7 illustrates, 
with a nomenclature currently in general 
use, the anatomic structures of the larynx. 
Figure 18 illustrates the laryngeal and sur- 
rounding structures seen on the lateral soft 
tissue study. Although the pyriform sinus is 
a part of the hvpopharvnx, it will be in- 
cluded in this study because tumors in this 
site must be differentiated from those of 
the arvepiglottic folds. 


GLOTTIC REGION (VOCAL CORDS) 


The vocal cords have an upper surface, a 
free margin, and an under surface. In most 
cases, the tumor grows uniformly around 
the cord, but it may grow primarily on the 
upper surface and into the space of the ven- 
tricl. More rarely the tumor may grow 
primarily on the under surface of the cord 
(Fig. 2). This latter instance does not repre- 
sent true subglottic extension, since there is 
no deep invasion along the tracheal wall. 

Early tumors growing uniformly around 
the cord can sometimes be seen on lamina- 
grams (Fig. 35.7). Generally, laryngograms 
are superior for demonstrating the extent 
and location of the tumor on the cord be- 
cause tae irregularity of the mucous mem- 
brane is visualized. A tumor growing up- 
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Vic. 1. (4) Artist s drawing of the larynx, open posteriorly, The nomenclature most commonly employed is as 
follows: glottic region (or vocal cords), subglottic region (or the under surface of the cord and the angle with 
the trachea), and supraglottic region (or vestibulum). The supraglottic region is composed essentially of 
the false cords, epiglottis, and the aryepiglottic folds. The ventricle is not a true structure, but a cavity, 
open only when pressure is expanding it. The roof consists of the false cord and the floor of the true cord. 
The lateral wall of the ventricle, the false cord, and the aryepiglottic fold comprise the laryngopharyngeal 
wall, which divides the vestibulum from the hypopharynx and the pyriform sinus. (B) Line drawing of the 
lateral soft tissue study of the neck. The hyoid bone projects at the level of the valleculae, which separate the 
lingual epiglottis (suprahyoid epiglottis) from the laryngeal epiglottis (infrahyoid epiglottis). The pre- 
epiglottic space consists of a fat pad, connective tissue, and the upper loop of the “figure 8" portion of the 


thyroid cartilage. 


o 
UPPER SURFACE OF CORD LESION 





9 ROUTES OF SPREAD 


UNDER SURFACE OF CORD LESION OF CORD LESIONS 
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Fig. 2. Selective location of growth of early vocal cord 
tumors. The arrows (lower right drawing) indicate 
the structures into which vocal cord cancers may 
infiltrate. 


ward and occupying the space of the ven- 
tricle can still be demonstrated quite well 
by laminagraphy if there is sufficient air 
between the false cord and the upper sur- 
face of the tumor (Fig. 35). No demonstra- 
tion of air can be readily interpreted as 
tumor invasion of the false cord; laryngo- 
grams ald considerably in such an interpre- 
tation. Growths on the under surface of the 
cord can usually be visualized as they con- 
trast well with air in the trachea (Fig. 3C). 

Vocal cord tumors grow silently and 
without producing early neck lymph node 
metastases; these tumors may be locally 
advanced when the patient first seeks 
medical advice because of voice changes. 
The disease may infiltrate laterally through 
the membranous attachment of the cord 
into the lower aspect of the laryngopharyn- 
geal wall It can grow upward into the 
ventricles, false cords, and the aryepiglottic 
folds or extend downward into the walls of 
the trachea to obliterate the normally 
right-angle subglottic space (Fig. 2). Usu- 
ally, there is both supra- and subglottic ex- 
tension; these upward and downward ex- 
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Vic. 3. Early vocal cord tumors. (A) Early tumor illustrating uniform growth around the right vocal cord, 
which is slightly larger than the left one. (B) A left vocal cord tumor, growing primarily in an upward 
direction; air is still present in the ventricle. The patient was treated by radiation therapy and the tumor 
regressed completely. He is free of disease, with normal laryngeal structures 2 years later. (C) A left vocal 
cord tumor which has grown all around the cord, but primarily on the under surface. It was an exophytic 
growth. The patient was treated by radiation therapy and the tumor completely disappeared. He died 6 
months later from coronary disease without evidence of vocal cord disease. 


tensions are characteristic of vocal cord 
cancer. 


SUBGLOTTIC REGION 


A lack of symmetry of the subglottic 
angle does not necessarily imply subglottic 
disease. In taking the laminagrams, slight 
degrees of rotation of the patient, angula- 
tion of the beam, or small anatomic varia- 
tions may be responsible for the lack of 
symmetry. Where there is complete or par- 
tial preservation of cord motility, signifi- 
cant subglottic disease is not apt to be 
present. If the blunting of the right sub- 
glottic space shown in Figure 4 were caused 
by subglottic disease, it would have to be 
associated with complete fixation of the 
cord. Marked subglottic extension is almost 
invariably associated with extension into 
the laryngopharyngeal wall (Fig. 5/7 and 
6B). As a rule, subglottic extension is not 
well seen on lateral soft tissue studies; how- 
ever, there are exceptions, as in the case 
illustrated in Figure 5B. 

In Table 1, the roentgenologic findings of 
subglottic disease are correlated with the 
anatomic findings from the surgical speci- 


mens of 73 patients who have undergone 
laryngectomy for advanced cord tumors. 
This correlation is very high. The lack of 


TABLE I 


CORRELATION OF ROENTGENOLOGIC AND SURGICAL 
PATHOLOGIC FINDINGS IN 73 PATIENTS AFTER 
A LARYNGECTOMY FOR ADVANCED 
VOCAL CORD CANCER 


| Thvroid 








Subglottic Cartilage 
Disease Invasion 
(lamina- | (lateral soft 
gram) | tissue roent- 
genogram ) 
Positive Correlation 
[4 de 54 24 
Negative Ccrrelation | 
[ee 6 33 
No Correlation | [* st 
Data Incomplete 12 II 
Films unsatisfactory 
or not available | 7 | 4 
Surgical-pathologic 
data incomplete | e y? 


* Specimen negative—laminagram positive. 
T Specimen positive—roentgenologic findings negative. 
1 Roentgenologic findings positive in all cases. 
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ic. 4. Pseudosubglottic extension. The right sub- 
glottic angle is blunted, with apparent increased 
thickness along the tracheal wall. If this were true 
subglottic infiltration, impaired motility or com- 
plete fixation of the right vocal cord would be ex- 
pected. An early tumor, with normal cord motil- 
ity, was visualized by laryngoscopy. The patient 
was treated by radiation therapy; at the comple- 
tion of treatment, the tumor had completely dis- 
appeared. The patient developed metastases to the 
neck and, shortly thereafter, distant metastases. 
The tumor was an unusually undifferentiated car- 
cinoma. At the time of death, the larynx was 
normal. 


complete data in 12 patients is attributable 
to the era before the diagnostic radiologist 
and the pathologist acquired experience 
concerning the importance of accurate 
determination of subglottic disease. 

The importance of diagnosing subglottic 
disease prior to therapy cannot be overem- 
phasized. If a laryngectomy is to be per- 
formed, it 1s of considerable aid to the sur- 
geon to have this information so that he 
may plan to include more tracheal rings in 
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the primary resection. If a medical con- 
traindication to laryngectomy exists, the 
radiotherapist must adjust the lower mar- 
gins of the fields to include an adequate 
length of trachea. Pretreatment diagnosis 
also serves as an incentive for the pathol- 
ogist to study the lower aspect of the 
larynx specimen very carefully to determine 
if there is an adequate margin between the 
lesion and the plane of resection. Thirteen 
of the 54 patients (24 per cent) who had 
confirmed laminagraphic evidence of sub- 
glottic disease have had a stomal recur- 
rence. All of these patients died from un- 
controlled disease within a vear. 

Cartilage Invasion. In males, the anterior 
aspect of the thyroid cartilage is almost al- 
ways calcified; on the profile lateral roent- 
genogram, its appearance resembles a 
“figure 8". Invasion of this portion of the 
cartilage is demonstrated by irregularity or 
amputation of the upper half, or bv com- 
plete dissolution of the structure (Fig. 6.7). 
The reliability of this roentgenologic find- 
ing 1s high (Table 1). The apparent lack of 
correlation in 5 instances was partially due 
to a reluctance to interpret thinning of the 
cartilage as cartilage invasion. Anterior in- 
vasion of the cartilage can occur earlier in 
lesions of the anterior commissure (Fig. 7). 


SUPRAGLOTTIC REGION 


The supraglottic region consists of the 
epiglottis, false cords, and aryepiglottic 
folds. Tumors originating in these various 
anatomic structures have specific spread 
patterns necessitating adaptation of either 
surgical or radiotherapeutic management. 
Except for early nonbulky tumors, the 
visibility of the larynx is impaired by the 
exophytic component of the tumor or by 
the distortion of the laryngeal structures 
which results from infiltration and the fre- 
quently associated edema. Extension of 
disease to the surrounding structures is 
therefore often not detectable on direct and 
indirect laryngoscopy and palpation. The 
information supplied by the lateral soft 
tissue roentgenogram and frontal lamina- 
grams regarding the extension of the dis- 
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ic. 6. Advanced cord lesion. (4) Extension into the laryngopharyngea! wall upward and into the subglottic 
space below. (B) On the lateral soft tissue study, the subglottic disease is shown projecting into the lumen 
of the trachea. This is not commonly seen. 


iM 





Fic. 6. Advanced cord lesion. (A) Evidence of disappearance of the ''8-shaped" portion of the thyroid cartilage. 
There is also indication of anterior subglottic disease. (B) Marked subglottic extension is demonstrated, as 
well as upward extension into the laryngopharyngeal wall. 
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l'1G. 7. Advanced cord lesion. This patient presented 
with a fistula in front of the larynx. He had disease 
primarily involving the anterior commissure. The 
ventricles are still visualized on the lateral soft 
tissue study. The laminagrams were not satis- 
factory, but did not reveal any gross evidence of 
subglottic extension. 


ease, Its staging and therapeutic conse- 
quences will be discussed by anatomic site. 


EPIGLOTTIS 


The epiglottis is a single continuous 
structure. However, the lingual margin, 
which is the part above the level of the val- 
leculae, and the laryngeal epiglottis are the 
sites of tumors having very different pat- 
terns of spread and response to treatment. 
Since, on the lateral roentgenogram, the 
hvoid bone projects at the level of the val- 
leculae, the lingual epiglottis is often re- 
ferred to as the suprahyoid epiglottis and 
the laryngeal epiglottis, as the infrahyoid 
epiglottis. 

I. Lingual or  Suprahyoid Epiglottis. 
Early tumors originating on the lingual 
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epiglottis can either be exophytic or invade 
the underlying cartilage. The erosion 1s 
often seen to be serrated, as if cut with 
pinking scissors. When the tumors are more 
advanced, they can invade the valleculae 
and base of tongue anteriorly or extend 
lower into the upper aspect of the pre- 
epiglottic fossa. They may also extend fur- 
ther downward along the laryngeal surface 
of the epiglottis or more laterally and pos- 
teriorly into the pharyngo-epiglottic folds 
and pharyngeal walls (Fig. 8). 

Since a bulky tumor may preclude direct 
laryngoscopy, the lateral soft tissue roent- 
genogram is an invaluable aid for determin- 
ing how much of the laryngeal epiglottis is 
involved (Fig. 9). The extensions into the 
base of the tongue can, at times, be identi- 
hed as a deep ulceration. The extension into 





iG. 8. Routes of tumor spread of lesions of the epiglol- 
lis. The upper group of arrows shows extension be- 
yond the free margin of the epiglottis. When more 
advanced, there is extension into the base of the 
tongue, the upper aspect of the pre-epiglottic 
fossa, and along the infrahyoid epiglottis. The 
lower group of arrows on the laryngeal surface of 
the epiglottis indicates not only invasion of the 
pre-epiglottic fossa, but destruction of the cartilage 
anteriorly, frequently resulting in a separation of 
the "figure 8." 
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the pre-epiglottic fossa may be seen as 
either an ulceration or a thickening of that 
part (Fig. 10). Laryngograms may provide 
more accurate information about the in- 
tegrity of the lower mucosal surface.’ Tu- 
mors of the lingual epiglottis, even when 
cartilage is destroyed, respond well to ir- 
radiation. After treatment, the epiglottis is 
completely or partially amputated. The 
more extensive tumors, provided the base of 
the tongue or the pre-epiglottic fossa are 
not invaded too deeply, can often be con- 
trolled by radiation therapy. 

2. Infrahyoid or Laryngeal Epiglottis. 
Early exophytic tumors appear on lateral 
soft tissue roentgenograms as well-deline- 
ated polypoid masses projected against the 
sharp outline of the laryngeal surface and 
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FiG. 9. Suprahyoid epiglottis tumor. A circumscribed 
polypoid tumor of the free margin of the epiglottis 
is visualized. The valleculae are well preserved. 
There is no widening of the pre-epiglottic fossa; at 
the lower aspect of the polypoid mass, the laryn- 
geal surface of the epiglottis, apparently unin- 
volved, becomes quite smooth. 
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Fic. 10. Suprahyoid epiglottis tumor. An extensive 
tumor of the free margin of the epiglottis is seen. 
Most of the tip of the epiglottis Is eroded, with 
only a small remnant seen projecting against the 
lumen of the pharynx. Note the deep ulceration 
into the base of the tongue and a widening of the 
pre-epiglortic fossa. 


foot of the epiglottis. More extensive, pri- 
marily ulcerative tumors will invade the 
epiglottic cartilage or its membranous 
attachment and they can penetrate into 
the fat pad and loose connective tissue be- 
tween the epiglottis and the strap muscles, 
and extend to the anterior aspect of the 
thyroid cartilage (Fig. 11, Æ and B). De- 
pending upon the level of the invasion 
(Fig. 8), widening of the pre-epiglottic tis- 
sue is seen at the level of the fat pad or 
closer to the ““8-shaped”’ calcification of the 
thyroid cartilage. In those tumors which 
have invaded primarily in a downward di- 
rection, the cartilage can be involved, as 
demonstrated by the disappearance of the 
upper half of the “figure 8" or, frequently, 
the two loops of the “figure 8" become 
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Fic. 11. Lnfrahyotd lesions. (A) Deep excavation in the pre-epiglottic fossa below the hyoid bone. This was a 
very extensive tumor involving the entire epiglottis. The upper aspect of the “figure 8" portion of the thy- 
roid cartilage is destroyed. The ulceration could not be seen by direct or indirect laryngoscopy. (B) A 
tumor involving the infrahyoid epiglottis, with relatively little involvement of the suprahyoid portion. 
There is marked irregularity and ulceration of the entire surface of the infrahyoid epiglottis. The pre-epi- 
glottic space is involved and the upper loop of the "figure 8" is destroyed. (C) A frontal laminagram of the 
same patient which shows central excavation in the epiglottis, marked thickening of the right aryepiglottic 
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TABLE II 


PRE-EPIGLOTTIC SPACE INVASION CORRELATION OF 
ROENTGENOLOGIC AND SURGICAL PATHOLOGIC 
FINDINGS IN 21 PATIENTS AFTER A LARYN- 
GECTOMY FOR ADVANCED CANCER OF 
THE LARYNGEAL EPIGLOTTIS 





Positive Correlation (+, +) 1h 


No Correlation a: 
Data Incomplete 3 
l'ilms not available 
Pathologic data incomplete 2f 


* Roentgenologic findings positive— specimen negative. 


T Roentgenologic findings positive. 
separated with the upper half being dis- 
placed upward (Fig. 11D). 

Findings of anterior extension of epiglot- 
tic tumors are most Important in determin- 
ing the choice of definitive therapv. In the 

earlv exophvtic tumors, a significant per- 
centage of controls can be obtained with 
irradiation. Tumors which have invaded 
the pre-epiglottic fossa are rarely con- 
trolled bv radiation therapy, possibly be- 
cause of a poorly vascularized tumor bed. 
The roentgenologic diagnosis of pre-epiglot- 
tic fossa invasion has been correlated with 
the operative findings (Table 11) and shown 
to be a reliable sign. It is of value to remind 
the pathologist that invasion of this area is 
a probability when laryngectomy is per- 
formed. A careful check can then be made 


of the surgical planes of excision so that if 


there is marginal or no clearance, post- 
operative irradiation may be given. 


FALSE CORDS 


The false cords form the roof of the ven- 
tricles, blending anteriorly with the laryn- 
geal surface of the epiglottis and superiorly 


with the arvepiglottic folds. The pattern of 
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liG. 12. Routes of spread of lesions of the false cords. 
These tumors can extend medially and anteriorly 
to the epiglottis, upward into the aryepiglottic 
folds, or cownward through the wall of the ven- 
tricle on the true cords, or into the pyriform sinus. 


spread to these structures is illustrated in 
Figure rz. The aryepiglottic folds, the 
false cords, and the lateral walls of the ven- 
tricles form the larvngopharvngeal walls 
between the vestibulum of the larynx and 
the pyriform sinuses. A tumor of the false 
cord is identifed on laminagrams as a 
swelling above the ventricle. An early exo- 
phytic tumor projects into the lumen of the 
vestibulum and the ventricle may be pre- 
served (Fig. 13, 4 and B). If a more ad- 
vanced tumor grows into the ventricle, ap- 
parently obliterating this cavity on the 
laminagrams, a laryngogram may more 
accurately delineate the actual extent of 
involvement. Extension into the aryepi- 
glottic fold appears as a distorted and 
thickened aryepiglottic fold. 


ARYEPIGLOTTIC FOLDS 


Tumors can arise on the free margin of 
the arvepiglottic folds or at the junction of 














fold and false cord, 


are spared. There is no subglottic disease. This is a common pattern, even in very extensive 


and, to a lesser extent, on the left. It should be noted that the ventricles and true cords 


tumors of this 


region. (D) An extensive, ulcerating, and exophytic tumor of the infrahyoid epiglottis, with invasion of the 


pre-epiglottic fossa. The cartilage of the upper aspect of the 


“figure 8” is displaced upward; the “figure 8” 


has been cut in two. Note that the lumen of the ventricle is well preserved; this indicates that the disease 


has not extended below the cord level. 
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Fic. 13. False cord tumor. (4) A tumor of the false cord is seen extending superiorly into the right aryepi- 
glottic fold. Note the limited inferior spread with preservation of ipsilateral ventricle. (B) A more extensive 


left false cord tumor. 





FIG. 14. Zrvepiglottic fold tumor. (A) Lateral soft tissue study showing a polypoid mass on the aryepiglottic 
fold. (B) The laminagram shows the same mass, with preservation of the bottom of the pyriform sinus on 
the left. This appearance identifies the location high on the free margin of the aryepiglottic fold. The lesion 
was originally classified as primary in the pyriform sinus because, at indirect laryngoscopy, a mass com- 
pletely obliterating the sinus was seen which prevented visualization of the uninvolved portion. 
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the arvepiglottic folds, epiglottis, and 
pharyngo-epiglottic folds. Both on the 
lateral soft tissue study and on lamina- 
grams (Fig. 14, Æ and 5), polypoid lesions 
on the free margin are seen as well-defined 
masses; the lower portion of the pyriform 
sinus cannot be evaluated bv either direct 
or indirect larvngoscopv because the tumor 
prevents visibility. Exophytic tumors are 
often responsive to radiation, whereas the 
infiltrative ones which invade the thickness 
of the aryepiglottic folds rarely respond. 
The presence or absence of air in the pyri- 
form sinus helps in determining the site of 
origin of the tumor, as these tumors may 
originate from the walls or the bottom of 
the pyriform sinus (Fig. 15). 


ARYTENOID REGION 


Tumors originating on the arytenoids are 
very rare; there are only 4 in the material 
of 400 cases reviewed. Therefore, little 1s 
known of their manner of spread. 


DIFFERENTIAL DIAGNOSIS BETWEEN 
EXTENSIVE TUMORS OF THE VOCAL 
CORDS AND SUPRAGLOTTIC REGION 


Since there is a fundamental difference in 
the natural history of glottic tumors and of 
supraglottic tumors, it 1s of considerable 
practical importance to determine the site 
of origin prior to definitive therapy. When 
tumors are very extensive, the clinical 
examination may not be of much value in 
determining a site of origin. The lateral soft 
tissue studv and laminagram of the larynx 
offer a method of differential diagnosis. Ex- 
tensive tumors of the vocal cords very 
rarely, if ever, invade the laryngopharyn- 
geal wall upward without associated sub- 
glottic disease. By contrast, extensive 
tumors of the supraglottic region rarely 
produce any subglottic extension and often 
do not reach the vocal cord level. Tumors 
at the foot of the epiglottis which involve the 
subglottic space anteriorly are an excep- 
tion. However, even in these instances, sub- 
glottic disease is rarely seen on the lamina- 
grams. The laryngograms have been more 
helpful in demonstrating this anterior sub- 
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Fic. 15. Pyriform sinus tumor. In contrast to the case 
in Figure 14, this entire pyriform sinus is opacified 
on the right. There is also involvement of the 
ventricle: this is a characteristic of a primary 
lesion orizinating in this area. 


glottic extension. This criterion, well estab- 
lished by Baclesse,'? is reliable in almost all 
cases. 


USE OF ROENTGENOLOGIC FINDINGS IN 
THE STAGING OF TUMORS OF THE LARYNX 


Whatever mav be the differences in the 
various systems of classifving the tumors of 
the larynx, the following information 
should be determined: extension beyond 
the anatomic site of origin, invasion into 
surrounding structures and, in particular, 
invasion of the thvroid cartilage or pre- 
epiglottic fossa, or presence of extensive 
subglottic disease. 

A clinical staging done prior to definitive 
therapy must include these roentgenologic 
findings with a sufficient degree of reliabil- 
ity. Subglottic extension, thvroid cartilage 
invasion, and invasion of the pre-epiglottic 
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hic. 16. Staging of lesion. This patient had a tumor 
of the false cord which was originally staged as To. 
After radiation therapy was given, the lesion ap- 
parently disappeared, but recurred 26 months 
later. A laryngectomy was done. In'retrospect, this 
was a T, lesion because of the cartilage destruc- 
tion. The patient is still free of disease 5 years later. 


fossa can be reliably determined roentgeno- 
logically. In Figure 16 is an example of in- 
correct staging which occurred because 
cartilage destruction was overlooked when 
the patient was seen initially. 


SUMMARY 


The roentgenologic examination of tum- 
ors of the larynx, initiated by Coutard 40 
years ago, is now well established as an es- 
sential part of the complete evaluation of 
the disease. The choice of definitive 
therapy, surgical or radiotherapeutic, is 
based on the knowledge of the site of origin 
and all extensions of the disease. The addi- 
tion of postoperative radiation therapy is 
also determined by specific spread patterns. 
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Indirect and direct laryngoscopy as well 
as palpation often fail to reveal vital lines of 
spread. Furthermore, as the natural history 
ot the disease varies with the site of origin, 
exact determination of the site of origin is 
important. Lateral soft tissue roentgeno- 
grams and frontal laminagrams of the 
larynx give essential information as to the 
site of origin and the routes of spread. 
There is a quantitative correlation between 
roentgenologic findings in the surgical 
specimen. There are limitations to lateral 
soft tissue roentgenograms and lamina- 
grams. The visualization of the mucous 
membrane by an opaque medium on 
laryngograms gives additional information. 


Gilbert H. Fletcher, M.D. 
The University of Texas 
M.D. Anderson Hospital 

and Tumor Institute 
Houston, Texas 
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INTRACAVITARY COBALT 60 BEADS IN TREATMENT 
OF CARCINOMA OF MAXILLARY ANTRUM* 


By SHEK C. CHEN, M.D., JAMES E. LOFSTROM, M.D., and JULIUS J. CHEPEY, M.D. 


DETROIT, MICHIGAN 


N EARLY 1957 Brucer!? of the Oak 
Ridge Institute of Nuclear Studies made 
available to us a series of cobalt 60 brachy- 
therapy sources to use in a clinical investi- 
gation. These sources were in the form of 
plaques, beads, and hemispherical cap- 
sules. The purpose of this article is to pre- 
sent a method of intracavitary?* Co9 ir- 
radiation using these sources in the treat- 
ment of carcinoma of the maxillary antrum. 
There were 8 patients treated bv this 
method and, although the time elapsed 1s 
insufficient. for statistical evaluation, the 
early group shows good results, with the 
longest survival more than 5 vears. 

A brief review of the clinical and patho- 
logic features of carcinoma of the antrum? 
shows that it is a relatively uncommon 
tumor, accounting for 0.2 to 0.4 per cent of 
all malignant neoplasms and 3 per cent of 
all upper respiratory-alimentary tract can- 
cers. Of the primary paranasal sinus malig- 
nancies, about 80 per cent occur in the 
maxillary antrum with most of the re- 
mainder in the ethmoid. 

Histologically, squamous cell carcinoma 
is the most common. Most authors report 
males having 2 to 4 times greater incidence 
than females, which also has been our ex- 
perience. An exception is a series from 
Sweden bv Larsson and Maartensson"? 
where, of 379 patients, slightly more than 
co per cent were females. An age range of 
40 to 7o vears would account for most of 
the cases, with the average being in the 
early sixties. In the various series reporting 
the site of the lesion, the left side slightly 
predominates: 263 left, 221 right. 

The symptoms associated with the vari- 
ous sites of origin within the antrum are 
well described by Lenz.'? In general, most 
early symptoms are identical to those ot 
inflammatorv disease. 


The roentgen diagnostic signs include 
the following: (1) clouding of the sinus 
with a densitv less than found in infection; 
(2) early bone involvement, causing rare- 
faction rather than sclerosis as in infection; 
later, erosion and destruction are seen; and 
(3) invasion of the orbit, alveolar process, 
nasal cavi-v, and base of the skull. 

Cloudinz of a solitary sinus in an elderly 
patient without history of trauma should 
alwavs lead to suspicion of neoplasm, 
while invasion of neighboring structures 1s 
ominous. Roentgenographic examination," 
including laminagraphy, is still necessary 
in patients with proven antral carcinoma 
to determine operability, placement of 
treatment fields, and to avoid cutting 
through the tumor if surgery 1s chosen. 

Treatment consists of surgery, including 
electrosurgerv; irradiation,® both external 
and intracavitary; and a combination of 
both.^" The Weber-Fergusson incision, 
now in common use in surgical manage- 
ment, is essentially the same procedure 
as was used in the 1880's, with a then 30 
per cent surgical mortality.’ Irradiation 
consists of the use of radium alone or in 
combination with external therapy; ortho- 
voltage or supervoltage external therapy 
alone; and intracavitary 1sotopes." 

Various methods of staging have been 
suggested but we believe that the simplest 
and most practical is that of Todd." 
Early cases are considered limited to one 
wall, or at most two adjacent walls, with 
the whole tumor contained in a sphere no 
more than 4 cm. in diameter. Bone invasion 
may be present. Late cases show further 
spread of disease including external swell- 
ing. Any case with lymph node metastasis 
is included in this latter group. 

The use of radium alone has given § year 
survival rates of 24 per cent. Combined 


* From the Department of Radiology, Wayne State University, Detroit, Michigan; Detroit Memorial Hospital and Detroit Receiving 
Hospital, Detroit, Michigan; and Veterans Administration Hospital, Dearborn, Michigan. 
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liG. 1. Patient C.P. after transpalatine fenestration 
and removal of alveolar ridge before roentgen 
therapy (April, 1958). 


surgical and radiation treatment has re- 
sulted in an average § vear survival of 20 
to 25 per cent. External irradiation alone 
results in lower figures, usually 15 to 20 
per cent 5 year survival],%16.18 


TECHNIQUE 
I. FENESTRATION 

The purpose of this procedure is first 
to gain access to the tumor for partial or 
complete removal. There is then ample 
drainage of the maxillary antrum and the 
ethmoid sinuses following surgery and 
during irradiation, and provision for an 
easy inspection and biopsy of any residual 
or recurrent tumor. A transpalatal (Fig. 1) 
approach achieves the above-mentioned 
objectives without external mutilation. 

Technically, a few points in this pro- 
cedure should be considered to achieve the 
best results. The soft palate and uvula 
must be preserved. Even in advanced dis- 
ease where some of the soft palate is in- 
volved, a strip of the posterior part of the 
normal soft palate should be left for a 
dental prosthesis. The alveolus must be 
removed completely even if it appears to 
be normal. Insertion of the Intracavitary 
mold is greatly facilitated by removal of 
the alveolar margin of the maxilla. 

Other methods of fenestration do not 
meet the above-mentioned requirements. 

The transnasal approach does not give 
adequate drainage; there is incomplete ex- 
posure of the tumor; end a large intra- 
cavitary mold cannot be inserted. 
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Fenestration through the canine fossa 
may give better drainage than the trans- 
nasal approach only if the ethmoid sinuses 
are not involved. Also, access to the tumor 
is limited and it is difficult to apply an 
intracavitary mold. 

The transcutaneous approach mav give 
good access and drainage; however, the 
palate may still have to be removed. Recur- 
rence in this approach usually involves the 
site of incision. 

2, EXTERNAL RADIATION TH ERAPY 

External radiation. therapy is given 
through one anterior and one lateral port, 
the size of the field depending upon the 
extent of the disease. Treatment begins 
immediately after fenestration and is con- 
tinued for 3 to 4 weeks. Using a roentgen 
beam of 250 kv., 3 mm. Cu half value 
laver, a dose of 3,000 r or 3,150 rads is 
delivered.* When Co” teletherapy is used, 
a dose of 4,000 r or 3,784 rads is delivered. t 


3. COBALT 60 MOLD 


The intracavitary cobalt 60 bead therapy 
is considered as a supplemental treatment 
to external irradiation and surgery. The 
size of the cavity can be measured by filling 
the antrum with radiopaque material such 
as gauze or cotton soaked in a contrast 
medium. A posteroanterior and a lateral 
roentgenogram will then determine the 
size, contour, and shape of the cavity. 
Single or multiple cobalt 60 beads can be 
arranged to obtain the maximum uniform 
radiation to the entire surface of the cavity, 
as well as an adequate depth dose. A dental 
mold with a horn-like extension protruding 
into the center of the maxillary cavity with 
the cobalt 60 beads fixed securely into the 
horn-like process is used (Fig. 2). Prior to 
actual insertion of the radioactive beads, a 
dummy source should be applied and the 
patient should be taught to use this dumm V 
mold. Also roentgenograms should be taken 

* A conversion factor of 1.05 is used. This was arrived at by 
averaging the f factor, as given in National Bureau of Standard 
Handbook 62, 1956, page 17, Table 2, for bone 1.13 and for soft 
tissue C.97. 

T A conversion factor of 0.946 is used. Same reference as above, 


page 16, Table r, the / value obtained being the average of 0.927 
for bone and 0.965 for muscle. 





Fic. 2. Cobalt 60 mold consists of 3 beads, 5 mm. in 
diameter and 7.5 millicurie each. 


of the area with the dummy beads in place 
to show if proper positioning has been ob- 
tained (Fig. 3). The cavity is irrigated with 
saline solution before and after treatment 
each day, and the projecting portion of the 
mold is lubricated. This intracavitary 
treatment usually yields a tumor dose of 
4,000 to 5,000 r in approximately 1 week. 
The mold is applied daily with the exposure 
time dependent upon the strength of the 
source emploved. An example is the mold 
used for Patient C. P.: 3 beads, 0.5 cm. 
diameter each of 7.5 mc activity, are placed 
in a mold. At a 2 cm. treatment distance 5 
r per hour is obtained: 80 hours will give 
4,000 r and 100 hours will give 5,000 r 1n 7 
treatment days of 11 to 14 hours daily. 
4. DOSIMETRY 

The Co*' brachytherapy devices being 
used are in the form of beads, which vary 
in diameter from 0.3 cm. to 2 cm. Since 
none of the standard radium tables will 
adequately fit this system, direct measure- 
ments were made in a remote control water 
phantom by our Physics Department. The 
isodose curve of a 0.§ cm. spherical source 
shows a uniformly distributed pattern. 
Hence, the bead has the advantage over a 
linear source of radium by giving a higher 
dose to the weaker spots in the dome. 
Various combinations of beads have been 
employed and for Patient C.P. the three 
o.5 cm. bead mold gave the best coverage 
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Fic. 3. Roertgenogram shows the mold in position. 


of the cav`ty and a good depth dose. Using 
three 7.5 millicurie beads with the surface 
of the cavity 1 cm. from the center of the 
source, Io r per hour was obtained at the 
surface. At a distance of 2 cm. from the 
center of the source, 5 r per hour was ob- 
tained, and at 3 cm., 1 r per hour. The 
depth dose at 1 cm. below the surtace of the 
cavity was uniformly distributed through- 
out the entire cavity. 


5. PROSTHESIS MOLD 


After completion of therapy, a second 
dental mold is made with a small, short, 
smooth extension into the antral fenestra- 
tion (Fig. 4). This keeps the fenestration 
from growing together and, at the same 
time, prevents leakage of food and air into 
the cavity. The dental prosthesis is easily 
removed by the patient for cleansing and 
irrigating the cavity (Fig. 5). 


ass E 


Fic. 4. The same patient, 5 years after completion ot 


treatment (June, 1963). 
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COMPLETE ORAL RECONSTRUCTION IN 
CONJUNCTION WITH COBALT 60 
TELETHERAPY FOR CARCINOMA 

OF THE TONGUE 
A CASE, REPORT 


By S. GAINES STUBBINS, D.D.S. 


BIRMINGHAM, ALABAMA 


LARGE number of persons treated for 

oral carcinoma with cobalt 6o tele- 
therapy lose all or most of their teeth as an 
indirect result of the treatment. Irradiation 
of the salivary glands and oral mucosa 
causes xerostomia and severe stomatitis, 
both of which continue for many months. 
Inability of the patient during the first vear 
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Fic. 1. Rampant cervical carious lesions involving 
all teeth, except the crowned maxillary premolar, 
as a result of radioactive cobalt 60 teletherapy 
for cancer of the tongue. 


after irradiation to maintain even a mini- 
mal degree of oral hvgiene and the reduced 
production of saliva result in retention of 
carbohydrate material and bacterial 
plaques on the surfaces of the teeth. Typical 
cervical ringlike carious lesions rapidly 
develop and may progress to the point of 
causing carious amputation of the tooth 
crown and exposure of the pulp. Neglected 
treatment can result in osteoradionecrosis. 

Some dentists recommend the extraction 
of all teeth prior to irradiation in the region 
of the salivary glands, if time permits. 
However, the prospect of complete arti- 
ficial dentures is depressing to these pa- 
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tients and for several years after radiation 
therapy, the hypersensitivity of the oral 
mucosa and xerostomia make dentures a 
practical impossibility. 

Modern dentistry offers an alternative to 
these patients in complete oral reconstruc- 
tion and full coverage of all teeth with ve- 
neered gold crowns. Modern high speed 
instruments and techniques permit this to 
be done in 3 appointments over a period of 
4 weeks. Thus it can be accomplished as a 
prophylactic measure prior to radiation 
therapy or as a restorative measure after 
Irradiation. 


REPORT OF A CASE 
HISTORY 


In November, 1960, a carcinoma of the base 
of the tongue was found in a £6 year old white 
woman. Between December 7, 1960, and Janu- 
ary 12, 1961, she received a 5,000 r tumor dose 
to the base of the tongue by Co" teletherapy. 
Treatment was started using a 6 cm. round field 
and then enlarged to 6X8 cm. Each of these 
ports was directed to the external angle of the 
mandible so that at most only the second and 
third. mandibular molar teeth and the third 
molar of the maxilla were included in the treat- 
ment field. 

Dental -ecords were available on this pa- 
tient from June, 1956. There was no evidence of 
periodontal disease. She had an average num- 
ber of metal and porcelain fillings, a three unit 
hxed bridge and a porcelain veneered gold 
crown restoring a fractured maxillary premolar. 
During the 4 years just prior to her malignant 
disease, dental treatment consisted of periodic 
cleaning ard roentgenographic examination and 
replacement of two small silver amalgam fill- 
ings. There were no gross carious lesions. Per- 
sonal oral hvgiene was excellent. 
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liG. 2. Mandibular right and left central and left lat- 
eral incisor teeth extracted and lower gingivectomy 
completed. Note that decay does not extend to the 
gingival attachment. 


For a period of 1 vear following radiation 
therapy, the patient was unable to perform any 
oral hvgiene except for rinsing her mouth sev- 
eral times a day with warm water. She was un- 
able to tolerate a dental examination until 
October, 1962. At this time she had a severe 
xerostoma, stomatitis and deep ringlike cervical 
carious lesions involving all teeth except the 
crowned maxillary premolar (Fig. 1). After 
consultation with her physician, dental roent- 
genograms were made which revealed an 
abscessed right maxillary first molar, and indi- 
cated that the depth of the carious lesions was 
such that immediate treatment was necessary 
to avoid tooth loss. 

There was a historv of osteomyelitis 1n. the 
right maxillary molar area. Preoperative and 
postoperative oral penicillin was prescribed to 
avoid a recurrence following extraction of the 
abscessed molar, which was accomplished with- 
out incident. 

The deepest carious areas of the teeth were 
excavated during the following ro months, and 





Fic. 3. 


Lower teeth prepared for full crowns. Note 
decay left in teeth which will be removed just 
prior to cementation of the crowns. 
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lic. 4. Hydrocal stone model after 
separation from impression. 


treatment fillings of zinc oxide and eugenol were 
placed as a temporary measure. The salivary 
glancs increased production although they 
were still far from normal. Caries activity con- 
tinued without remission. 

A biopsy, 2 years after radiation therapy, in- 
dicated the patient to be free of malignant dis- 
ease. Ten months later, after consultation with 
her physician concerning the probable progno- 
sis of her disease, it was decided that an effort to 
preserve her remaining teeth was justified. 
Complete coverage of all remaining teeth and 
replacement of missing teeth with permanent 
bridges was considered the best method of ac- 
complishing this. 

TREATMENT 

First Appointment. Preparation of the lower 
arch. The lower right and left central and left 
lateral incisor teeth were extracted because of 
the depth of the carious lesions. À gingivectomy 
was performed (Fig. 2) and all remaining teeth 
were prepared for full crowns (Fig. 3) with a 





Fis. «. Temporary plastic splint and gingival 
pack protecting the lower prepared teeth. 
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liG. 6. F'ace-bow cemented to mandibular teeth and 
adjusted during mandibular movement to deter- 
mine the mandibular hinge-axis. 


high speed air-turbine and diamond abrasive 
stones. A hydrocolloid impression was taken of 
the entire lower arch and surrounding tissue 
and from this a stone model was made (Fig. 4). 
The lower teeth were covered with a temporary 
plastic splint made from an impression of the 
mouth and the patient was dismissed (Fig. 5). 

Second Appointment. Preparation of the 
upper arch; cast mounting records. After a gin- 
givectomy, the teeth were prepared, and an 1m- 
pression and model were made as in the lower 
arch. 

In order to orient the models of the patient's 
mouth on an articulating instrument, 1t was 
necessary to find and record the mandibular 
hinge-axis. This was done with a face-bow in- 
strument cemented to the lower teeth (Fig. 6). 
The mandible was opened and closed in pure 
rotary movement while the condylar pointers 
of the instrument were adjusted until they ro- 
tated about a point. This indicated the axis of 





7. Face-bow used to record and transfer 
hinge-axis. Note pointer to infraorbital notch. 


FIG. 
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l'ic. 8. Hinge-axis transfer record. 


rotation. The point was marked on the face 
with indelible pencil and the face-bow was re- 
moved. 

A transfer record of the hinge-axis was made 
by attaching the face-bow to a metal fork 
covered with soft wax. The wax loaded fork was 
placed between the patient's teeth and held 
securely while the condylar pointers of the face- 
bow were repositioned over the axis points 
marked on the patient's face. The infraorbital 
notch was used as the third point to establish 
a plane in the skull. It was recorded by attaching 
a pointer to the face-bow assembly (Fig. 7) and 
then the assembly was removed from the pa- 
tient's mouth (Fig. 8). 

A wax bite was made while the mandible was 
in centric relation, so that the stone models 
could be positioned in correct relationship to 
each othe- on the articulating instrument. 
Both arches were covered with temporary 


plastic splints and the patient was dismissed. 





ic. 9. Hinge-axis transfer record and articulator 
aligned ind clamped to mounting board. Upper 
model is positioned into wax bite. 
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liG. 10. Upper stone model secured to upper 
mounting ring of articulator. 


Mounting the Models. The articulating instru- 
ment was aligned with the hinge-axis transfer 
record by clamping it and the articulator to- 
gether on a mounting board. The upper stone 
Cast was positioned into the tooth indexes of 
the wax wafer (Fig. 9) and attached to the 
upper ring of the articulator (Fig. 10). The 
articulator was then removed from the mounting 
board and the lower cast was related to the 
upper by means of the centric wax bite and 
secured to the lower articulator ring (Fig. 11). 

The instrument was then turned over to the 
laboratory and the crowns and bridges were 


constructed. A period of 21 weeks was required 





Fic. 11. Completed mounting of upper 
and lower stone models. 
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to complete the work in the laboratory. 

Third Appointment. Cementation of crowns 
and bridges. After the completed work (Fig. 12) 
was returned from the laboratory, the tem- 
porary plastic splints were removed from the 
patient’s teeth and the crowns and_ bridges 
tried in the mouth for fit and occlusal harmony. 
After the fit and occlusion was checked, the 
work was removed and the remaining carious 
tissue excavated from the teeth. Under local 
anesthesia each arch was cemented on the teeth 
separately and the residual cement removed. 
This completed the case except for several short 
visits to make minor occlusal adjustments and 
for instruction in oral hygiene and mainte- 
nance of the mouth. Figure 13 shows the com- 
pleted case 4 days after being permanently 
cemented in the mouth. 


ANATOMIC FACTORS 


Changes in the occluding surface anat- 
omy of the teeth during total reconstruction 
of the mouth and their effect on the tem- 
poromandibular Joints, require an under- 





from the 


lic. 12. Completed crowns returned 


laboratory. 





liG. 13. Completed crowns cemented 
in patient’s mouth. 


standing of the anatomy and physiology of 
these joints. 

The temporomandibular joint is a glid- 
ing-hinge joint, and it is possible for the 
mandible to assume many positions. Move- 
ments of the mandible are controlled by the 
shape of the glenoid fossae and condyles, 
the tension of the associated ligaments, the 
neuromuscular mechanism, the meniscus, 
and in final closure, the guiding inclines of 
the teeth. Alteration of these inclines, re- 
sulting from poorly made dental fillings and 
crowns, will displace the condyles from 
their normal physiologic position in the 
glenoid fossae. This often results in arthro- 
sis of the joints and degeneration of the sup- 
porting tissues of the teeth. Therefore, in 
any dental operation, the re-establishment 
and maintenance of a physiologic relation- 
ship between the mandible and skull is of 
prime importance. 

The initial opening and final closure of 
the mandible occurs as pure rotary motion 
about an axis. The mandible to skull rela- 
tion along this arc of movement during ro- 
tary motion is described as centric relation. 
The occlusion of the teeth, when they mesh 
harmoniously without displacing the axis 
of the mandible, is called centric relation oc- 
clusion. The axis, about which the mandi- 
ble rotates, is called the Ainge axis. The 
interaction of the neuromuscular mecha- 
nism, the temporomandibular joints, the 
ligaments and the teeth create a basically 
accurate and constantly reproducible pos- 
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ture of the mandible, and pattern of its 
movement. The hinge axis, posture of the 
mandible and movement patterns may be 
accurately determined, recorded and trans- 
ferred to an instrument. Accurate models 
of the patient’s prepared upper and lower 
teeth and their surrounding tissues are 
mounted on this instrument by the dentist. 
The laboratory uses this replica of the 
mouth to construct the necessary restora- 
tions and replacements for the teeth. 


CONCLUSION 


A 56 year old white woman developed 
xerostoma, stomatitis and rampant dental 
caries as an indirect result of cobalt 60 
teletherapy for cancer of the tongue. Two 
vears and ten months after irradiation and 
atter a favorable biopsy report, complete 
coverage of all teeth with veneered gold 
crowns and replacement of missing teeth 
with fixed bridges were considered justified 
as the only means by which the decay proc- 
ess could be stopped and her teeth pre- 
served. This was accomplished in 3 basic 
steps over a period of 4 weeks. At this writ- 
ing, 6 months later, the patient is free of 
stomatitis and the xerostoma is improving. 
Her appearance and morale are much im- 
proved. Mastication is comfortable and her 
oral hygiene can now be maintained at a 
high level. 

This simplified technique for oral recon- 
struction causes a minimum amount of dis- 
comfort and inconvenience to the patient 
over a much shorter period of time. 

Experience has shown that teeth which 
are completely covered with well fitting 
gold veneer crowns will not decay following 
irradiation in the region of the salivary 
glands. Crowning of all the teeth prior to 
radiation therapy is therefore recommended 
as a prophylactic measure instead of total 
extraction of the teeth before irradiation. 
This case demonstrated the effectiveness of 
the same technique in preserving the teeth 
after irradiation. 

Arlington Building 
2231 Arlington Avenue 
Birmingham, Alabama 
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A DEVICE FOR THE INTERSTITIAL ADMINISTRATION 
OF RADIOACTIVE ISOTOPES* 


By IRVING M. ARIEL, M.D., F.A.C.S. 


NEW YORK, NEW YORK 


ANCERS at the time of an exploratory 
laparotomy or thoracotomy are fre- 
quently found to be inoperable. Certain of 
these cancers can be infiltrated with radio- 
active isotopes, thereby avoiding the neces- 





Itc. 1. Photograph showing the device used for inter- 
stitial administration of radioactive isotopes. 
Twenty No. 18 gauge needles, a distance of 1 cm. 
apart, are attached to the head which can be 
screwed into a syringe. 


sity of a prolonged period of irradiation de- 
livered through external ports. The device 
being describedt has been designed for the 
purpose of administering, interstitially into 
cancer, radioactive isotopes suspended in 
liquid solutions. 


DESCRIPTION OF RADIOACTIVE ISOTOPE 
INJECTOR 


The apparatus is shown in Figure 1. It 


consists of a head which permits the at- 
tachment of the device to any syringe. A 
Luer-Lok type is preferred; a 10 cc. syringe 
has been found most satisfactory. The steel 
casing has attached to it needles of No. 18 
gauge caliber. Each of the needles is at 1 
cm. separation, which permits the injection 
of 20 streams of a radioactive isotope solu- 
tion, each at 1 cm. distance from the other. 
Any suspension of radioactive isotopes can 
be administered by this device. Colloidal 
suspensions such as radioactive gold or 
radioactive chromic phosphate can be ad- 
ministered. The author has used this device 
almost exclusively to inject suspensions of 
radioactive yttrium microspheres. These 
are small-sized ceramic microspheres, from 
40 to 60 win size,t chemically and physio- 
logically inert, to which are attached vari- 
ous radioactive isotopes. The one used most 





Fic. 2. Scintiscan after injecting 4 cc. of ytterbium 
169 into beef liver with the isotopic injector. Note 
the localization of the radiation. The circle indi- 
cates the size of the injector and the blackness out- 
side the circle represents the amount of spill-over 
from the injection site. 


1 Manufactured by Three M Company, St. Paul, Minnesota. 


* From the Soft Somatic Tumor Service, Hospital for Joint Diseases, and Pack Medical Foundation, New York, New York. 
T Manufactured by Becton Dickenson & Co., Rutherford, New Jersey. The first model was made by Mr. Meyer Kaufman and Mr. 


Leo Friedman, Paterson, New Jersey. 
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Fic. 3. (4 and B) Radioautographs after injecting yttrium go microspheres into a raw 
potato. The numbers designate the different depths of injection (see text). 


frequently by the author has been radio- 
active yttrium (Yt*’). The radioactive ce- 
ramic microspheres are suspended in a solu- 
tion of carbipol. Although the carbipol solu- 
tion is rather viscid, there has been no difħ- 
culty in administering interstitially the 
radioactive isotopes into tumors. 


TECHNIQUE OF INJECTION 


The device is best suited for infiltrating 
large solid masses. The technique found 


most satis‘actory has been to insert the 
needles to the depth of the tumor and to in- 
ject as the needles are withdrawn, with a 
steady pressure. Figure 2 shows a scintiscan 
after injecting 4 cc. of radioactive vtter- 
bium 169 (Yb!'?). The localized deposition 
of the isotope is demonstrated. The Baird 
Atomic Scintiscanner was used. If a steady 
pressure is not maintained, the amount ot 
isotope administered in the different regions 
will vary. Such variation is shown in Figure 
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Fic. 4. (4) Bronchogenic carcinoma before the 
injection of 100 mc of yttrium go microspheres. (B) 
Complete necrosis was obtained following injection 
of the isotope. Several microspheres can be seen in 
the center of the microphotograph. 


3, 44 and B where a solution of yttrium go 
microspheres suspended in carbipol solu- 
tion was injected into a raw potato as a test 
substance. The potato was then sliced at 2 
cm. levels and radioautographs were made. 
Figure 34 (1) shows the uniform distribu- 
tion obtained at the depth of the injection 
site. In Figure 3/7 (2) the pressure was re- 
leased, and sporadic distribution resulted. 
Pressure was again applied in Figure 37 (3) 
and 3B (4) and a more uniform distribution 
can be seen. Figure 38 (5) shows the surface 
of the potato after nothing was injected, but 
where some residual radioactivity was 
present. This sequence of radioautographs 
demonstrates the need for uniform pressure 
when withdrawing the needles. 
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Figure 4, 7 and B shows a bronchogenic 
carcinoma which had been infiltrated with 
yttrium 9o microspheres. Into a cancer 
measuring about 10 sq. cm., 100 mc had 
been injected. Figure 4.7 shows the micro- 
scopic appearance of the cancer before the 
injection of the isotope, Figure 4B the com- 
plete necrosis which was obtained. Several 
microspheres can be seen in the center of 
the microphotograph. The separation of the 
tissue from the microspheres is due to an 
artefact, since the microspheres do not lend 
themselves to be cut by the microtome. 


INDICATIONS 


This device is best suited for bulky tu- 
mors of the abdomen, thorax and extremi- 
ties since more or less uniform doses of ir- 
radiation can be administered. The geome- 
try of some tumors oftentimes precludes 
accurate administration; for example, an 
inoperable bronchogenic carcinoma. which 
is adherent to the aorta does not lend itself 
well to accurate interstitial administration. 
Furthermore, in this type of neoplasm with 
its adherence to the large blood vessels, the 
potential danger of hemorrhage is present 
should the needles perforate the aorta. 

This device also offers a means of ir- 
radiating residual cancer after resection of 
major cancer masses. This has been accom- 
plished in certain cases of bronchogenic can- 
cers, retroperitoneal sarcomas and other 
intra-abdominal neoplasms. This device has 
not been found satisfactory for cases of in- 
filtrating cancer of the skin or oral cavities. 

The complications are minimal. One pa- 
tient had bleeding into the thoracic cavity 
from injection of a bronchogenic carcinoma 
which was controlled bv pressure. 


CONCLUSION 


A device 1s described which permits the 
injection of 20 streams of radioactive iso- 
topes, I cm. apart from each other. Uniform 
distribution can be obtained by uniform 
pressure during the injection period. 

Pack Medical Foundation 


139 East 36th Street 
New York, New York 
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CARCINOMA OF IHE ESOPHAGUS 
COBALI 60 TELETHERAPY 


EXPERIENCE AND COMPARISON WITH SURGICAL RESULTS 


By JOHN HUNT WALKER, M.D. 


SEATTLE, WASHINGTON 


ISTORICALLY, the treatment of car- 

cinoma of the esophagus either by 
surgery or irradiation? 59:315?! has been 
characterized bv general failure. Prior to 
the universal availability of high-energy 
radiation, an occasional cure was reported 
employing orthovoltage modality. At- 
tempts at intracavitary radium therapy 
were disappointing and that method has 
not been accepted. Before the era of World 
War II, esophagectomies for carcinoma 
were rarely successful, even for operative 
survival. This lack of success was attributed 
initially to inept anesthesia, complications 
of postoperative infection and far advanced 
lesions in poor-risk patients. 

With improved anesthesia, better under- 
standing of pulmonary physiology and 
postoperative care, surgeons anticipated a 
real improvement in the over-all salvage of 
esophageal cancers. This optimism proved 
premature after an opportunity of two dec- 
ades with the newer methods. Many tech- 
niques of resection and modes of substitu- 
tion were ingeniously devised but despite 
the great advance in surgery, few patients 
seemed to survive. Initial mortality has 
been unusually high in most series, ranging 
bom 1i £6. 49 per cent onis 
Manv of those surviving the extensive re- 
sections have devoted much of their time to 
the problem of nutrition maintenance. Of 
those enjoving seemingly favorable esopha- 
gectomy, few did not have residual disease 
or distant metastases. Most succumbed 
within the first year. Surgeons generally 
blamed failures to improper selection, either 
because of poorly localized disease or the 
poor-risk patient so frequently found in the 
mean age of incidence, the seventh decade. 
Even more critical selection was not re- 
warding. 
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In a previous report,” this author and his 
colleagues ncted the surgical experience of 
others.!9.7.16,22.25,26,7 Since that report 5 
years ago, lttle improvement has been 
documented :n the literature. Boyd* notes 
in a more recent report that the long-term 
salvage of tie upper and middle third le- 
sions is almost zero regardless of the treat- 
ment used. He believes that a higher aver- 
age survival resulted from a combination of 
surgery and radiation therapy. The average 
survival emploving 2 million volt therapy 
in unresectec lesions was 6.5 months. In re- 
sected lesions of the intrathoracic esopha- 
gus followed or preceded by radiation 
therapy, the average survival in months 
was 8.7. [n the junctional carcinomas, this 
salvage time reached 18.4 months. There 
was selection and the figures apparently do 
not represent absolute survival in months. 
The 5 year selected survival rate was 8.2 
per cent in resected cases for cure and 2.9 
per cent in so-called palliative resection. 
Ellis," reporting on 9og cases between 
January, 1946 and January, 1956, noted an 
increase in resectability in the second 5 
vear period. This was attributed to more 
resections of tae lower esophagus and in- 
creased surgical experience. The over-all 
absolute survival rate for § years was a 
gloomy 3.9 per cent which is about the same 
in other reports. 

Parker eż al.” reported 170 cases in 1952 
in which resection was the procedure of 
choice whenever possible. Ten vears later, 1 
patient of this series was alive. In their re- 
cent report of :66 additional patients, the 
primary method of treatment was irradia- 
tion (250 kv.). Nine survived 2 years or 
more. Thev concluded that irradiation was 
the treatment o* choice. 

[n surveying our own results prior to 
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MAY I, I957-SEPT. 1, 1963 
Alive 
Method of No. | B : ead 
rys l rya ye y^ eac 
Treatment | Treated! With | Without 
Disease | Disease 
Surgery L4 5 9 
Radiation as 4 3 28 
NoTreatment I I 
Total 50 4 8 38 








1957, we found no survivals from orthovol- 
tage radiation therapy of longer than 1 
vear. Our surgical management was no 
better. With these poor figures in mind, our 
Tumor Clinic established the following 
policy. 

t. It was agreed that surgical results in 
treatment of carcinoma of the cervical and 
upper two-thirds of the thoracic esophagus 
had been too poor to warrant further surgi- 
cal experience except in a most selective 
manner. Therefore, all cases above the 
lower third would be treated by radiation 
therapy employing cobalt 60 rotational 
teletherapy when feasible. Consequently, a 
much more favorable group of patients 
would be available for such treatment. 

2. Lesions situated in the lower third of 
the esophagus would be regarded as surgical 
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problems particularly because of the high 
incidence of adenocarcinomas in the junc- 
tion area. If exploration of such cases 
revealed inoperability, these patients would 
then be treated by radiation therapy with 
the intent of resubmission for surgery 
should subsequent regression of the tumor 
tollow. 


MATERIAL AND RESULTS OF TREATMENT 


Utilizing our criteria of selection for mode 
of treatment, 50 patients have been treated 
in an elapsed period of 6 years. Custom- 
arily, this is not a valid interval for ap- 
praisal; however, in a circumstance wherein 
the results are so poor, the trend of success 
or failure soon becomes obvious (Tables 1 
and m). It should be emphasized that all 
charts and figures quoted are not on the 
basis of selection. No patient with the 
diagnosis of esophageal cancer was ex- 
cluded from this study. All patients with 
that diagnosis with 1 exception were sub- 
jected to either radiation therapy, a surgi- 
cal resection or both. The patient receiving 
no treatment was a debilitated octogenar- 
ian. Of the 14 patients subjected to sur- 
gery, § are still alive, the longest for 28 
months. The longest surgical survivor, now 
dead, lived 36 months. Average survival 
of those dead was 9.5 months while the 
average survival of those still alive is 13 
months. The over-all surgical survival is 11 
months (Fig. 1). 


TABLE II 












































FATE OF ESOPHAGEAL CANCER PATIENTS MAY I, I957-SEPT. I, 1963 
| E Surgery o «Duiation Cambira 
Alive Dead Alive Dead Alive Dead l 
Cervical i Jooo 3 6 i m i p 
= | = -— 
Upper third | 6 
Middle third | 2 3 I1 i 
E pa third o c | 5 6 | 2 
Total | go > ]| @ » ! 
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Thirty-five patients were treated pri- 


marily by radiation therapy (Fig. 2). The 
longest survivals are 67 and 68 months, 


respectively, in 2 patients alive. Their orig- 
inal lesions. were both in the cervical 
esophagus. The average survival of those 
dead in the radiation group was 10 months. 
The average survival for those still alive 1s 
28 months and the over-all survival is 13 
months. Two patients are included in the 
series both of whom might well be omitted 
except for their unusual lesions. Each had 
an intramural adenocarcinoma, apparently 
from primary carcinoma of the breast re- 
sected 8 and 17 years, previously. One sur- 
vived 36 months and the other 42. 

It is noteworthy that the majority of pa- 
tients with lesions of the cervical esophagus 
exhibit total dvsphagia either immediately 
prior to the initiation of therapy or shortly 
thereafter. It they are hospitalized during 
the obstructive phase and therapy 1s atten- 
uated concomitantly with regulation of 
fluids and chemistry, one can invariably rely 
upon some re-establishment of esophageal 
lumen. Within several days the contem- 
plated therapy can proceed. Mustard and 
Ibberson,!* advocates of the Wookey pro- 
cedure, have had poor experience with radi- 
ation. In contrast our only two § year sur- 
vivals are in the true cervical esophageal 
group (Fig. 3, 7 and D). 

Because our policy has favored us with 
some relatively localized lesions of the mid- 
dle third of the esophagus, we have been 
afforded an occasional encouraging early 
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Fic. 1. Results of resection in cancer of 
the esophagus. 
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years post- 


Fic. 2. Results of radiation therapy in 
cancer of the esophagus. 


result (Fig. 4, /7 and 5; and 5, 4 and B). 
Several of those patients, although now 
dead, survived longer than 1 or 2 years 
with complete disappearance of the pri- 
mary lesion only to succumb to generalized 
spread (Fig. 6, 4 and B; and 7, 4 and D). 
That is the pattern of carcinoma of the 
middle third of the esophagus. Upper 
third intrathoracic esophageal lesions have 
shown the usual dismal result, few surviv- 
ing longer than 6 or 8 months. 

Surgery has been confined to junctional 
carcinoma with 2 exceptions. One was 
an “early” well-confined carcinoma of the 
middle third cf the esophagus in a young fe- 
male. The vascular supply of the interposed 
colon became compromised and the patient 
succumbed early in her postoperative 
course. The other with a recurrent cervical 
lesion died shortlv following an attempt at 
resection. 


COMPLICATIONS 


Complications attributed to radiation 
therapy have deen minimal. Few patients 
have survived long enough to develop such 
sequelae as radiation myelitis, osteitis or 


pneumonitis. Phe occasional radiation pneu- 
monitis has responded well to steroid 
therapy. Fortunately, the problem of fis- 
tula formation has not been a complication 
of radiation therapv in our hands. 


COBALT 6O TELETHERAPY TECHN IQUE 


Before the institution of cobalt 60 tele- 
therapy, microscopic diagnosis is. alwavs 
established. The lesion is thoroughly in- 
spected and evaluated by  fluoroscopic 
examination, including cinegrams. We be- 
lieve that the radiologist is not onlv a radia- 
tion therapist but also a diagnostician and 
should perform fluoroscopv on his own pa- 
tients. The lesion is carefully localized 
anatomically to allow positioning of the 
therapy port. This is done with the patient 
in treatment position. Body contours of the 
appropriate region are obtained and the 
position of the lesion and related significant 
Localization 1s 


structures is established. 
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again confirmed in the actual treatment 
circumstance, using the therapy beams to 
outline treatment ports on industrial-tvpe 
film. The actual treatment technique 1s de- 
termined by the site and extent of the le- 
sion. Those of the cervical esophagus are 
customarily treated through opposing la- 
teral ports which vary in size depending 
upon the exzent of the lesion and degree of 
regional lymph node involvement. Particu- 
lar attention is directed to the protection of 
the cervical spinal cord from avoidable 
radiation. The larynx is shielded if the 
therapy port is not compromised. 
Originally, lesions of the upper and mid- 
dle thirds of the thoracic esophagus were 
treated entirely by 360 degree rotation 
technique. More recently, this has been 
modified to administer approximately two- 
thirds of the contemplated tumor dose by 
rotation and one-third through opposing 
anterior and posterior fields. Customarily, 





FIG. 3. (4) Pre-irradiation esophagram of 63 year old female with epidermoid carcinoma of the cervical esoph- 
agus. Cervical lymph node biopsy was positive. She has remained free of disease over § years and is asymp- 
tomatic. An esophageal web and Plummer-Vinson syndrome were incidental findings. (B) Post-therapy 


esophagram (5,700 r tumor dose in 38 days). 
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Fic. 4. (4 and B) Pre-irradiation esophagrams of 47 year old male with almost 
total dvsphagia from epidermoid carcinoma of middle third. 


our collimator is opened widely in a vertical 
direction. for these lesions. The contem- 
plated tumor dose 1s 6,000 to 6,500 rads 
delivered in a period of approximately 6 
weeks. Doses in excess of this range do not 
seem to increase the salvage rate and the 
hazards of complications of radiation 
therapy are increased. In palliative ettorts, 
lesser doses are utilized depending upon the 
individual response. We have not 
planned "split dose" technique. 


used 


DISCUSSION 

Particularly notable in recent literature 
reviews??? ig the inconsistent manner of 
statistical reporting. As a rule, the surgical 
figures are based upon a carefully selected, 
technically operable group. Some surgeons 
will explore to determine resectability ot all 
patients exhibiting no demonstrable distant 
metastases. Others will carefully select for 


exploration onlv those whose lesions are 
roentgenographically classified as early and 
who are without medical contraindications 
for extensive operative procedures. The 
criteria of resectability vary from clinic to 
clinic, from surgeon to surgeon, dependent 
not completely upon philosophy and experi- 
ence but sometimes upon perennial surgical 
optimism. 

Because of this great variation of selec- 
tion, each report must be searched for the 
true survival result. It is not unusual to 
note the surgical survival based only upon 
those not succumbing to resection. The 
surgical mortalities, and the medically or 
technically :noperable cases are sometimes 
not included. The wide discrepancy in 
mortality figures from surgery alone does 
not necessarily indicate the skill of the re- 
porting group. They may represent in the 
one direction the inclusion of extremely 
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poor-risk patients and in the other a highly 
selective series. 

It is doubttul that any improvement in 
surgical technique will develop which can 
more adequately encompass for resection 
malignant esophageal tumors. Certain ob- 
servations must be recognized in the critical 
analysis of reasons unfavorable to the surgi- 
cal management of this disease. Unlike the 
intra-abdominal intestinal tract, the thora- 
cic esophagus does not have a serosa. The 
anatomic relationship of the esophagus 
with its adjacent structures is therefore 
more intimate. Lymphatic drainage of the 
esophagus is abundant and intricate. Ez 
bloc resection is either so mutilating as to 
render survival distasteful or is actually 
impossible in many instances to accom- 
plish. Ravitch e? al.” summarize the con- 
sensus of those with wide experience stat- 
ing, "The distressing fact 1s that the in- 
creased facility in thoracic surgery and all 
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the adjuvants available today have 
changed the picture of esophageal cancer 
only for the immediate postoperative 
period. The survival rate beyond a few 
months is still miserably poor, and cures at 
any given clinic are spoken of in terms of 
indiviGual cases and scarcely in terms of 
percentages." Some surgical procedures 
terminate without true benefit or pallia- 
tion. Lesions of the cervical esophagus when 
expertly resected by the Wookey method 
may offer as good results as radiation 
therapy. Mustard and [bberson’s!” series is 
encouraging. It would seem, however, that 
with the attendant long hospitalization of 
two operations and possible permanent loss 
of veice, radiation therapy should be the 
favored procedure. The surgeon cooperat- 
ing in such a plan would then attack the 
radiation failures. Well-supervised radia- 
tion therapy does not offer significant 
hazard to subsequent good surgery. 





Fic. 5. (4 and B) Same patient as in Figure 4, 4 and B. Post-ixradiation esophagram one year 
following completion of cobalt 60 teletherapy (calculated tumor dose of 6,350 r in 43 days). 
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ic. 6. (4) Epidermoid carcinoma of middle third of esophagus in 70 year old white female (5,600 r in 38 
days). (B) Post-therapy study shows complete resolution of loc a] lesion. She succumbed to regional and 


distant spread of her disease 17 months later. 


Submucosal extension of esophageal can- 
cer far beyond grossly detectable limits is 
the rule. Lymphogenous spread usually has 
occurred before the lesion is either symp- 
tomatic or objectively recognizable. The 
utter futility of total lymphatic dissection is 
perhaps the major deterrent in esophageal 
resection. Unfortunately, there are few 
clues for selection. While carcinomas of the 
cervical and upper two-thirds of the thora- 


cic esophagus are almost invariably of 


squamous-cell type, those of the distal 
third may be either squamous or adenocar- 
cinomas. In our own series, the 2 adenocar- 
cinomas of the mid-thoracic esophagus were 
of the intramural metastatic variety. The 
tendency to anaplasia and attendant re- 
mote metastases in junctional carcinoma 


probably contribute more to failure in this 
group than the technical obstacles of surgi- 
cal removal. Still, most surgeons report the 
best survivals from the lower third series, 
Sweet” showing 17 per cent $ year results 
in selected cases surviving resection which 
is almost exactly comparable to the 16.7 
per cent 5 vear result reported by Ellis!! for 
carcinoma of the cardia but 29.4 per cent 
for carcinoma of the lower esophagus in a 
limited group. Most of those reporting ex- 
press the view that better results will de- 
pend upon earlier diagnosis. 

In the age group of high incidence, one 
finds less alertness to importance of change 
of well-beirg. Symptoms that are gradual 
and insidious are often regarded as signs of 
advancing age—a factor which may pre- 
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vent the threshold level of early diagnosis 
from falling below a certain minimum. 

In general, surgery for palliation is dis- 
couraged. Initial mortality rate of by-pass 
or substitution procedures is high, hospital- 
ization is long and morbidity burdensome. 
Gastrostomy feeding is undesirable, ofter- 
ing no relief of symptoms. O’Connor and 
co-workers?" favor the idea of esophageal 
prosthetic tube and they report satisfac- 
tory palliation in those on whom intuba- 
tion was possible; however, the time of sur- 
vival in their patients was only 8 months 
and 73 patients were excluded because of 
loss to follow-up. 

[t is the author's opinion that attempt at 
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curative resection is not indicated in: (1) 
all patients with unusual weight loss; (2) 
anaplastic tumors at biopsy; and (3) those 
patients with evident remote metastases. 


[hese categories, more frequently than not, 


compose the bulk of the group referred for 
radiation therapy. 

We do not believe that preoperative 
radiation therapy will significantly alter 
resectabilitv for cure. Of our patients 
whose lesions completely regressed grossly, 
most succumbed from distant metastases. 
In any of these instances, the addition of 
postradiation resection could not have pro- 


longed life. On the contrary, the operative 


ls 
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Fic. 7. (4) Epidermoid carcinoma of middle third of esophagus in white female of 69 years of age was treated 
by cobalt 60 rotational teletherapy. Tumor dose of 5,600 gamma r was administered in 38 days. (B) Post- 
therapy study demonstrates complete resolution of local lesion. One year later, upper mediastinal recur- 
rence developed. This was retreated and the patient survived 3 years longer. Subcutaneous metastases 


were resected on three separate occasions. 


Vor. 92, No. 1 


mortality risk would have jeopardized op- 
portunity for further survival. 

In our experience the benefits of radia- 
tion therapy are: (1) the procedure itself 
does not add the risk of increased mor- 
talitv; (2) employing hospital davs as an 
indication of morbidity during the treat- 
ment period, irradiation falls considerably 
below the morbidity of surgical approach; 
(3) an irradiation program ordinarily does 
not require temporary or permanent by- 
passing procedures since tumor shrinkage 
following radiation therapy usually occurs 
with sufficient rapidity to allow adequate 
dietary intake; (4) though probably not of 
a scientific import, the economic features of 
radiation therapy are considerably less 
than those of the surgical method; (5) an 
immeasurable additional benefit is that 
achieved by palliative treatment for the 
relief of severe dysphagia, pain or aspira- 
tion sequelae; and (6) the absolute unse- 
lected survival results of well-applied radia- 
tion therapy surpass the best efforts of 
resection in the cervical and upper two- 
thirds of the thoracic esophagus. 


SUMMARY 


The universally unsatisfactory surgical 
experience with esophagectomy for cancer 
has been reviewed. It has been noted that 
the case material submitted for radiation 
therapy has usually been derived from the 
culls or rejects after surgical selection. In 
order to evaluate the results of radiation 
therapy of early as well as late lesions of the 
esophagus, our Tumor Clinic established a 
program wherein the primary surgical 
approach was abandoned except for resect- 
able lesions of the lower third of the esoph- 
agus. Cobalt 60 teletherapy was applied to 
35 patients of this series and surgical resec- 
tion to 14. The early results of this program 
have shown improved rates of morbidity 
and mortalitv, reduction in necessity for 
palliative surgical procedures and dimin- 
ished economic demands on the patient. 
Symptomatic relief from palliative treat- 
ment has been gratifying in primary 
esophageal carcinoma and in 2 cases of ob- 
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structing esophageal lesions due to delayed 
metastatic breast carcinoma. 

The 5 year survival rate of those sub- 
mitted for radiation therapy may not 
ditfer significantly from that after esopha- 
gectomy; however, the irradiation modality 
is to be preferred, especially in carcinoma 
of the cervical esophagus. It is proposed 
that most surgical approach be abandoned 
except ir. lesions of the lower third of the 
esophagus and of the cardioesophageal 
junction. 


Departmert of Radiology 

Mason Cliric and Virginia Mason Hospital 
1118 Ninth Avenue 

Seattle 1, Washington 
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PREOPERATIVE IRRADIATION IN 
BRONCHOGENIC CARCINOMA* 


By FERNANDO G. BLOEDORN, M.D.,] R. ADAMS COWLEY, M.D.,t CARLO A. CUCCIA, 
M.D.,t RAUL MERCADO, Jr., M.D.,f MORRIS J. WIZENBERG, M.D.,t 
and EUGENE J. LINBERG, M.D.1 


BALTIMORE, MARYLAND 


A THE University of Maryland, a pre- 
liminary study on the systematic use 
of preoperative irradiation in carcinoma of 
the lung cases was initiated several vears 
ago by the Divisions of Radiotherapy and 
Thoracic Surgery. The techniques of treat- 
ment have already been published. The 
combined use of cobalt 60 irradiation and 
surgery was considered indicated in all 
patients with bronchogenic carcinoma, 
operable or not, in whom the disease was 
limited to one side of the chest, with or 
without lymph node metastases in the 
mediastinum, scalene or supraclavicular 
areas, and without pleural effusion. These 
criteria were present in 192 out of a series 
of 366 patients. An analysis of the results 
obtained up to January 1, 1963, and 
whether these results bear out the theo- 
retic principles stated in previous papers, 
form the object of the present report. 


MATERIAL AND METHOD 


The cases which met the criteria of 
selection are compiled in Table 1. They 
represent the total number treated in the 
Division of Radiotherapy of the Univer- 
sity of Maryland Hospital. Over half of 
these patients were operated upon at the 
University of Maryland Hospital and the 
rest in a number of regional hospitals. The 
criteria for the radiation therapy, waiting 
period and surgical procedure were kept as 
uniform as possible under the circumstan- 
ces. All biopsy and cytology specimens were 
reviewed by the Department of Pathology 
of the University of Maryland Hospital. 
The surgical specimen after lobectomy or 
pneumonectomy was studied in the hos- 


TABLE] 


CLASSIFICATION OF 192 CASES OF BRONCHOGENIC 
CARCINOMA (WHICH MET THE CRITERIA OF 
SELECTION) ACCORDING TO TYPE OF 
LESION, OPERABILITY AND COM- 

PLETION OF COMBINED 
TREATMENT 











" No. of 
l ype Patients 
Squamous cell carcinoma LIN 
Adenocarcinoma 16 
Anaplast ¢ carcinoma 24 
Undifferentiated carcinoma 32 
No histology (Pancoast tumor) 2 
Total | I92 
Operable cases 83 
Inoperab e cases 1O09 
Inoperable clinically 46 
Inoperable at exploration 63 
Mediastinal lymph node metastases £3 
Diagnosed clinically L4 
Proven by biopsy 39 
Completed combined treatment 
(Co? teletherapy plus surgery) 98 (51%) 


pital where the surgical procedure was per- 
formed. The histologic groups are in the 
expected proportions. Ín all except 2 pa- 
tients, the diagnosis was confirmed by 
biopsv cr bv two unquestionable positive 
cvtologv reports. In 2 patients with the 
Pancoast tumor, rib erosion was accepted 
as evidence of carcinoma. An exploratory 
thoracotomy was performed in all other 
cases where histologic or cytologic evi- 
dence o^ carcinoma was otherwise not 
obtainable. From the proportion of oper- 
able and inoperable patients, it can be seen 
that this was not a selected group of early 


* Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1-4, 1963. 
T Division of Radiotherapy, Department of Radiology, University of Maryland Hospital, Baltimore, Maryland. 
t Division of Thoracic Surgery, Department of Surgery, University of Maryland Hospital, Baltimore, Maryland. 
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cases. As a matter of fact, many of the 
cases included in this study were patients 
with very advanced local and/or regional 
disease or in very poor general condition, 
and who ordinarily would have been con- 
sidered only for palliative treatment. It 
was thought that in order to take full ad- 
vantage of the study, the selectivity should, 
at first, be reduced to a minimum. 

When an open thoracotomy was per- 
formed, an effort was made to explore the 
site of the primary tumor and the medi- 
astinum as thoroughly as possible and to 
take biopsies of all palpable lymph nodes. 
There was histologic proof of mediastinal 
lymph node involvement in 39 patients. In 
I4 patients there were roentgenographic 
changes or clinical signs indicative of 
lymph node metastases in the mediastinum. 

Approximately half of the patients for 
whom the indication of preoperative ir- 
radiation was made completed the treat- 
ment; the other half failed to do so, mainly 
because of the development of metastases 
(see Table 11). In 16 out of 98 patients ex- 
plored the tumors were found to be un- 
resectable after cobalt 60 teletherapy with 
our technique of irradiation and not all of 
these were initially in the inoperable group. 
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This is a low percentage of unresectable 
cases, if we consider the type of patients 
under study. Seventeen patients refused 
the operation. It was felt that in an experi- 
mental study of this sort the issue of the 
operation should not be forced upon the 
patient after a reasonable explanation 
was given to him. Many patients were of 
advanced age and there was a high inci- 
dence of heart disease and emphysema with 
marked respiratory insufficiency. Twenty- 
seven were considered poor operative risks 
because of one or more of these reasons. 


RESULTS 


The survival rate of the whole group of 
192 patients in whom the combined treat- 
ment was considered to be indicated is 
given in Table rr. The main features to be 
noted are that: (1) the longer survivals are 
in the group of patients who had undergone 
the complete treatment (cobalt 60 tele- 
therapy plus surgery); and (2) in the group 
of patients without tumor resection after 
irradiation, the longest survival was 2 
years (I patient) and the percentage of 
those surviving is lower. A fair comparison 
between both groups is not possible due to 
the differences in their make-up. 


TABLE II 


SURVIVAL RATE OF 192 PATIENTS IN WHOM COMBINED TREATMENT (CO TELETHERAPY PLUS 3URGERY) 
WAS CONSIDERED TO BE INDICATED 










Cases operated on 
Tumor resected 


Tumor unresected 


Cases not operated on 
Refused surgery 


Developed metastases prior to surgery 
Poor risk 


Total 


No. of 
Patients 


Survival 
Time 






Dead 






19 (27%) 
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Taste III 
SURVIVAL RATE OF 98 PATIENTS IN WHOM THE COMBINED TREATMENT 
(co*? TELETHERAPY PLUS SURGERY) WAS COMPLETED 
T rO : No. of Alive Survival Dead 
r ) J P . " ac 
XP Or VDSTMoR Patients (1 yr.+) Time * 
Lobectomy 2I 
Pneumonectomy 61 
Found inoperable at second operation 16 
m ER ES | : =. i ] 7 
l'otal | 98* 26 [20951 I—5 yr.+ 78T 
I—4 yr. 
4—3 9*4 
$—2 yr.+ 
geras 














* Fifty-two patients (53°) undergoing complete combined treatment were initially ino} erable. The primary lesion was eradicated by 
the Co? teletherapy in 35% and the mediastinal lymph nodes became negative in 77%. No patient with positive supraclavicular or 


scalene lymph nodes survived to the time of operation. 


T There were 26 postoperative deaths and 13 patients died of intercurrent disease, giving a total of 40%. 


COMPLETED COMBINED TREATMENT 


Ot the 93 patients who had the complete 
combined treatment (Table 111), 53 per 
cent were found to be inoperable before 
cobalt 60 teletherapy. After irradiation in 
only 16 cases out of the 98 was resection 
not possible. Of these 16 patients, 3 be- 
longed to the group classified as clinically 
operable before treatment. Seventeen pa- 
tients of the group had histologic evidence 
of mediastinal lymph node metastases 
prior to irradiation. At the second opera- 
tion, after cobalt 60 teletherapy, the 
mediastinal lymph nodes proved to be 
negative for cancer cells in 9 of these pa- 
tients. The biopsy from the mediastinal 
lymph nodes in most cases consisted of a 
wedge of tissue removed from an enlarged 
lymph node. Some of the lymph nodes 
which were controlled bv irradiation were 
very large in volume. This is direct evi- 
dence that supervoltage irradiation, with 
the technique used, can control lymph node 
metastases in the mediastinum in a con- 
siderable number of cases. 

Of a small group of patients with posi- 
tive scalene or supraclavicular lymph node 
metastases before starting treatment, not 
a single one was subsequently operated 
upon; all developed distant metastases 
during the treatment or waiting period. 


The group is too small to draw anv definite 
conclusions, but the consistency of failure 
IS suggestive. 

The surgical procedure performed in 21 
cases was lobectomy and 61 patients had 
a pneumonectomy (Table 111). In the last 
2 years, the relative proportion of lobec- 
tomies has increased, for we now rely more 
on irradiation for the control of the disease 
in the periphery of the primary tumor and 
in the lymph node metastases. 

Twenty per cent of the 98 patients who 
received the complete treatment (irradia- 
tion and surgery) are alive for I year or 
more, and 40 per cent of the patients died 
of causes ctner than the activity of their 
cancer. The mortality rate resulting from 
complicaticns and intercurrent disease was 
high in this group of patients, invalidating 
any definite conclusion about survival at 
this time. Ít is evident from this prelimi- 
nary work that only by a controlled study 
with randomized series of patients can 
definite conclusions about survival rates be 
obtained. 


INOPERABLE CASES 


Out of the whole group of 192 patients, 
109 patients (57 per cent) were classified as 
inoperable (Table 1v): 63 by exploratory 
thoracotomy (unresectable) and the rest by 


SO 


clinical or roentgenographic signs. Fifty- 
two of the 109 patients or 48 per cent of the 
group were operated on after irradiation 
and of these, in 13 instances the tumor 
proved to be unresectable. Thus, the resec- 
tability rate for our “inoperable” cases 
after cobalt 60 teletherapy was 75 per cent 
tor the patients who reached the operating 
room. Thirty-five patients were not oper- 
ated on because they developed metastases 
betore the end of the treatment or waiting 
period, g retused the operation and 13 were 
considered poor operative risks due to com- 
plicating factors. It is interesting to point 
out that after irradiation practically one- 
half of the patients were considered to be 
operable and over one-third of the origin- 
ally inoperable patients underwent a radi- 
cal resection with a curative intent. 
Twenty-three per cent of the patients who 
completed the entire treatment are alive for 
I year plus. Out of the whole group of 109 
patients, 12 per cent are alive for 1 year or 
more. Of the group of patients who had ir- 
radiation alone 4 out of 70 or 5.7 per cent 
are alive 1 year or more, and if the cases 
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which developed distant metastases and 
were not curable with any type of treat- 
ment are excluded, the survival is 4 out of 
24, or 16.7 per cent. It is impossible to make 
a strict comparison of the two groups of pa- 
tients because of their different make-up, 
the latter usually having a poorer progno- 
sis. The difference in survivals is a confirma- 
tion of this fact. 

The rate of metastasis in the whole group 
was 63 out of 10g cases or 58 per cent. 


OPERABLE CASES 


The same type of analysis in the group of 
83 patients initially classified as operable 
shows that they constitute 43 per cent of 
the whole group and that they were classi- 
fied in most cases as operable on clinical 
grounds (Table v). In a few patients, ex- 
ploratory thoracotomy was necessary in 
order to confirm the diagnosis of carcinoma. 
Due to the inaccuracy of our diagnosis of 
the extension of the tumor, even after co- 
balt 60 teletherapy 3 out of 46 or 6.5 per 
cent were found to be unresectable. 

Of the patients in this group, 46 or ss per 








Tase IV 


RESULTS AFTER CO TELETHERAPY IN IOQ CASES INITIALLY CLASSIFIED AS INOPERABLE 
































: Alive "Wu 
No. of Cases (1 yr.) Survival Time Dead 
Operated on with resection of tumor 39*| 9 (27%) 4—3 yr.+ 30 
| 2 yr. 
(52 (48%) 4—1 yr. 
| 
| 
Operated on without resection of tumor I3 I 1—2 yr.+ 12 
Refused operation 9 | 2 I—2 yr.+ 7 
| I—1 yr.+ 
| 
| 
Developed metastases 35157: (295) O 35 
Considered poor risks 13] I I—I yr.+ I2 
Total 109 13 (72%) 96 
Patients treated with Co teletherapy 70 45.292) | 
alonet 
Patients treated with Co^" teletherapy 24 4 (16.7%) 
alone who did not develop metastases 
Metastases in whole group 63 (58%) 


T Includes patients explored but no resection done. 


* The complete combined treatment (Cos teletherapy plus resection) was carried out in this group of 39 patients, or 36%. 
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TABLE V 


RESULTS AFTER CO" TELETHERAPY IN 83 CASES INITIALLY CLASSIFIED AS OPERABLE 





Alive — 






































Cases Survival Ti Dea 
No. of Cases TERME | Survival Time Jead 
Operated on with resection of tumor 43*| 10 (27%) I—s yr.+ 33 
I—4 yr.-+ 
3—2 yr.+ 
46 (55%) | Tyne 
| 
Operated on without resection of tumor 3 O | 3 
Refused operation g) 3 3—1 yr.4- c 
Developed metastases 16 | O I$ 
(before 6 weeks) 37 (45%) | 
Considered poor risks 14, O | 14 
(1 died during treatment) | 
Total 8 3 13 (16%) 70 
Patients treated with Co” teletherapy alone 40 at ayo) 
Patients treated with Co" teletherapy alone | 22 3 (77.6%) 
who did not develop metastases | 
Patients who were explored and found in- 3 (6.5%) 
operable after irradiation | 
Metastases in whole group | 27 (32.596) 





* The complete combined treatment (Co*" teletherapy plus resection) was carried out in this group of 43 patients, or 52%, 


cent were deemed operable after irradia- 
tion, and 43 or 52 per cent completed the 
whole treatment (irradiation plus resec- 
tion). The rest of the patients received onlv 
radiation therapy for reasons indicated in 
Table v. The number of patients develop- 
ing distant metastases in this group was 27 
Or 32.5 per cent. 

Of the patients who did not have resec- 
tion (irradiation only), the survival is 3 out 
of 40 or 7.5 per cent, and if we select the 
patients who did not develop metastases, 
the survival rate 1s 3 out of 22 or 13.6 per 
cent. There are no long-term survivals in 
the group receiving radiation therapy alone. 
The survival (1 year +) for the 83 patients 
with clinically operable lesions was 13 
cases or 16 per cent, and for the 43 patients 
in whom the resection of the lobe or lung 
was feasible (complete treatment) 10 cases 
or 23 per cent. 


MEDIASTINAL LYMPH NODE METASTASES 


Throughout the study efforts were made 
to detect mediastinal lymph node metas- 





tases (Table vi). Whenever possible, a his- 
tologic examination was undertaken of any 
lymph nodes found at thoracotomy. The 
clinical diagnosis of mediastinal lymph 
node metastases was established only when 
an unquestionable mass, independent of 
the primary tumor, could be demonstrated 
in the lymph node bearing areas of the 
mediast num. Of the 192 patients for whom 
the combined treatment was considered to 
be indicated, in 53 the diagnosis of medias- 
tinal lymph node metastases was made. 
Thirty-nine patients had histologic proof of 
the metastases by a biopsy obtained at 
thoracotomy; of these, 17 were reoperated 
on after irradiation and g failed to show 
any active tumor in the mediastinal 
lymph nodes. Two of these 9 patients are 
alive for 2 and 3 years. Of the 53 patients 
showing evidence of lymph node metastases 
in the mediastinum, 7 or 13 per cent are 
alive. The resectability rate was 19 out of 
53 or 36 per cent and the survival rate for 
the patients who underwent the whole 
treatment (irradiation plus resection) was 5 
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out of 19 or 26 per cent. In 3 of the 22 pa- 
tients who went to operation, the tumors 
were unresectable. The incidence of distant 
metastases in these patients was 32 out of 
53 or 60 per cent (Table x1). 

An analysis of the group of patients with 
mediastinal lymph node metastases is of 
fundamental importance to prove one of 
the basic advantages postulated in the use 
of preoperative irradiation. It provides 
definite evidence that involved mediastinal 
lymph nodes secondary to bronchogenic 
carcinoma can be sterilized by irradiation 
with the technique employed in this study. 
Over half of the lymph nodes which were 
positive at biopsy prior to the treatment 
proved to be negative for carcinoma cells at 
the second operation. Some of these lymph 
nodes were very large in size. This study 
also provides indirect proof that irradiation 
can sterilize metastatic mediastinal lymph 
nodes by the low incidence (23 per cent) of 
positive lymph nodes found after Co® tele- 
therapy. 

It is worthwhile to point out that some 
patients with proven mediastinal lymph 
node metastases have survived for more 
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than 2 years and that the survival rate for 
the group of patients with negative speci- 
mens at the time of the second operation 
compares favorably to the group initially 
without mediastinal lymph node metasta- 
ses. The group is rather small for too much 
optimism, but it suggests that irradiation of 
the mediastinum adds to survival in bron- 
chogenic carcinoma with metastases in the 
area. 

Study of the surgical specimens revealed 
that the primary lesion was eradicated in 35 
per cent of cases and the resected lymph 
nodes became negative in 77 per cent 
(Table 11). It should be mentioned, how- 
ever, that examination of the specimens did 
not comprise serial sections, although the 
histologic study was carefully done on a 
large number of sections from the area of 
the primary tumor and of all the resected 
lymph nodes. 


SURVIVALS 


Table vir shows a comparison of the 1 
year or longer survivals in the different 
groups of the entire series of 366 cases. It is 
of interest that in the group of patients 


TaBLe VI 









RESULTS IN 55 CASES OF MEDIASTINAL LYMPH NODE METASTASES OUT OF I92 CASES (27.6%) 










Alive 


No. of Cases (1 yr.+) Survival Time | Dead 
Proved by biopsy before Co® teletherapy 39 
Operated on 19* ^5 I4 
Not operated on aaf O 22 
Clinical evidence of metastases 14 4 IO 
Total 53 7 (137%) ze yn 46 
I—2 yr.d- 
4—1 yr. 
Operated on after Co*? teletherapy 
With resection 5 (26%) I4 
Without resection 3 
Not operated on after Co9? teletherapy 2$ 29 
Total 7 46 





* The lymph nodes were negative in 9 patients, 2 arc alive; the lymph nodes were positive in 8 patients, 1 is alive. 
T Four patients refused operation; 12 patients developed metastases; 6 patients were poor risks, 
t Fourteen patients had previous positive biopsy of whom 3 are alive. 


§ Mediastinal lymph node metastases diagnosed clinically. 
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Tase VII 


GROUP COMPARISON OF I YEAR OR LONGER SURVIVALS IN THE ENTIRE SERIES 
OF 366 CASES OF BRONCHOGENIC CARCINOMA 














Total No. 














Alive 
of Cases (1 yr.+) Per Cent 
All cases 366 30 8.4 
Cases for which combined treatment was considered to be indicated 192 26 13.5 
Cases receiving complete combined treatment (Co teletherapy plus 82 I9 23 
surgery) 
Cases receiving complete combined treatment excluding deaths from 58 1g a3 
postoperative complications 
Cases receiving Co"! teletherapy only; refused operation | 17 5 29 
Cases operated on; tumor unresected 16 I 6 
Poor risk cases; no operation after Co™ teletherapy 2 I 4 
All operable cases 3 13 16 
Tumor resected 43 IO 23 
Tumor unresected 40 3 a8 
All inoperable cases 109 13 12 
Tumor resected 39 9 23 
Tumor unresected 7 4 pa 
All cases with positive mediastinal lymph node metastases 53 7 13 
Tumor and lymph nodes resected 19 5 26 
All cases with negative primary lesions and mediastinal lymph noces* 27 8 30 
(longest survival periods) 
All cases with positive primary lesions and/or mediastinal lymph ee II 20 
nodes* 











* Based on examination of operative specimen. 


treated with irradiation alone survivals 
were all of short duration; the longest was 2 
vears. The longest survivals of the cases 
which completed the treatment are in the 
group with negative specimens, both of 
primary lesions and lymph nodes. Even in 
the group of patients who died, the survival 
was longer when the specimen proved to be 
negative. 

Tables vitt and 1x have been compiled as a 
comparison of patients with positive and 
negative specimens after radiation therapy. 
The groups are small; therefore, a statisti- 
cal comparison is not significant. However, 
some suggestions are apparent: (1) the com- 
plication rate in the group of patients with 
positive specimens is higher. This reflects 
the need for a more extensive operation 
in cases where the tumor is still active 
as proven by frozen section; (2) thesurvival 
rate Is greater in the group with negative 
specimens and the average length of survi- 


val is longer. Even in patients who died, 
better palliation was obtained; (3) none of 
the patients with negative specimens at the 


Tase VIII 

SURVIVAL TIME OF §5 PATIENTS WITH POSITIVE 
PRIMARY AND/OR MEDIASTINAL LYMPH NODES 
AT SURGERY AFTER CO TELETHERAPY 




















Alive Survival Dead* Survival 
"s ac è 
(1 yr.+) Time s Time 
PE La oT D 23 yn 44 34 ws 
2-2 yr.+ 4-2 yr. 4- 
7-1 yr. 9-1 yr.+ 
29-less 
than 6 mo. 
* Died of 
postoperative complications.............. s. 19 (375%) 
intercurrent disease........... eee IO 
uncontrolled disease in treated areas......... 2 


distart metastases, (4 additional cases also 
had distant metastases but died of postoper- 
ative COMPLICATIONS) «6.6.0 0.064 korr hh 151 


+ Two patients had thoracotomy prior to Co9? teletherapy. 
1 Four patients had thoracotomy prior to Co® teletherapy. 
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Taste IX 


SURVIVAL TIME OF 27 PATIENTS WITH 
NEGATIVE PRIMARY AND/OR MEDIASTINAL 
LYMPH NODES AT SURGERY AFTER 
CO" TELETHERAPY 




















Alive Survival P Survival 
(1 yr. +) Time Dead Time 
8 (30%) f heyrt |. gel I-4 yn.4- 
I-4 yr. 4-3 yt. 
=) Jt I-1 yd. 
2-2 yr.+ 13-less than 
| 6 mo. 
2-1 yr.+ 
* Died of 
postoperative complications.................58 
intercurreit 196056... esc cde eroi LEY R2 4 
distant metastases without active tumor in 
Seated afea rereua iaeia ASEA MEOS 9 (4790) 
second primary TUMOE. «venues arent cee ons I 


T Three patients had thoracotomy prior to Co*? teletherapy. 
1 Seven patients had thoracotomy prior to Co® teletherapy. 


operation following irradiation had recur- 
rent tumor in the treated areas. 


COMPLICATIONS 


The complication rate has been high in 
the patients undergoing the complete 
treatment. Many of the patients who died 
of complications had advanced disease and 
would have died from cancer even without 
having received radical treatment. In other 
cases the dissection was carried out far 
more extensively than in cases without 
previous irradiation. These were cases with 
extensive fibrotic "residual masses" in- 
volving the main stem bronchi, carina and 
even the trachea. The dissection was war- 
ranted by negative frozen biopsies ob- 
tained from the periphery of such masses. 
Without the benefit of previous irradiation, 
these cases would have been considered in- 
operable. It is reasonable to expect a higher 
complication rate when treatment which 
combines two radical procedures is applied 
to a group of patients with more advanced 
disease, but we must make certain that the 
rate of complications does not outweigh 
the gains 1n survival rate. 

In this studv, we have tried to analyze in 
detail the cases with serious complications 
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to determine what the contributing factors 
were and the possibilities of preventing 
their occurrence in some cases. The main 
complication was the dehiscence of the 
bronchial stump with empyema and the 
development of a bronchopleural fistula 
(Table x). There were also a few cases of 
dehiscence of the chest wound in the pos- 
terior part of the incision which overlapped 
the most heavily irradiated area of the 
chest wall. 


COMPLICATIONS DUE TO IRRADIATION 


The irradiation with the technique and 
dose used for the combined treatment has 
been very well tolerated by most patients. 
The only common complaint has been the 
development of esophagitis after the third 
week of therapy. This has been a mild 
symptom in most cases, never requiring us 
to stop or even to slow down the treatment. 
The pneumonitis developing after treat- 
ment has usually been asymptomatic. 
About § per cent of the patients complained 
of coughing and very few of fever. Antibio- 
tics and steroids produced dramatic im- 
provement in most cases. 


TABLE X 


COMPLICATIONS IN 82 PATIENTS UNDERGOING 
RESECTIONS AFTER CO" TELETHERAPY 





Total 








No. of 
Cases 
Bronchopleural fistula 2I 
Persistent until death 16 
(death due to fistula, 13) 
Healed 3 
Alive with fistula 
Wound dehiscence 2 
(1 patient died at 8 weeks from 
metastases and active primary 
lesion; 1 patient died at 8 weeks 
from bronchopleural fistula) 
Gangrenous abscess of lung 2 
(in 1 patient it developed during 
irradiation, in the other after 
irradiation) 
Total postoperative deaths 24 (29%) 
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Taste XI 
INCIDENCE OF DISTANT METASTASES IN BRONCHOGENIC CARCINOMA 
Total Developed 
No. of Distant Per Cent 
Cases Metastases 
All cases for which combined treatment was considered to be indi- 192 gO 47 
cated 
Cases receiving complete combined treatment (Co teletherapy 82 26 53 
plus surgery) 
Initially operable cases 83 27 33.8 
Initially inoperable cases 109 63 58 
Cases with mediastinal lymph node metastases originally 53 32 60 
Cases showing negative specimens after completion of combined 29 9 33 
treatment (7 had previous exploratory thoracotomy) 
Cases showing positive specimens after completion of combined 55 17 31 
treatment (6 had previous exploratory thoracotomy) 
Cases for which combined treatment was considered indicated but 94 55 59 
were not operated on after Co"? teletherapy (selected) 
16 9 56 


Cases explored but no tumor resection done after Co" teletherapy 








We have treated many cases with cavi- 
tated tumors which responded to the treat- 
ment in the same manner as most other 
cases. However, patients with cavitation 
and infection, generally with fluid retention 
in the cavity and pneumonitis around it, 
have tolerated the treatment poorly. 

Most of our patients have received their 
radiation therapy as out-patients, continu- 
ing their daily work. 

Two cases of multiple abscesses of the 
gangrenous tvpe, developing during and 
after irradiation (Table x), should not be 
attributed to the treatment but rather to 
the complete obstruction of the main bron- 
chus and retention bevond the obstruction. 
In our cases, abscesses developed both in ir- 
radiated and unirradiated areas. 


COMPLICATIONS DUE TO THE COMBINED TREATMENT 


There is no doubt that previous irradia- 
tion will make tissue healing more difficult 
after surgery; however, another factor has 
probably also contributed to the high per- 
centage of complications in our group of 
patients. We have already explained the 
extensive denudation of the bronchi and 
trachea. The surgical management of 
heavily irradiated tissue must differ from 
that in cases without previous irradiation. 
The avoidance of drying of exposed tissue, 


blunt dissection, interference with blood 
supplv and even a minimum of infection are 
far more Important than in nonirradiated 
tissue. The incision should not be made in 
heavilv irradiated areas of the chest wall, 
near the midline (especially posteriorly 
when the patient is treated through the 
table), if wound dehiscence is to be pre- 
vented. Of course, as in any other case, the 
general condition of the patient is of para- 
mount importance. 


INCIDENCE OF DISTANT METASTASES 


The possible influence of previous surgi- 
cal intervention (exploratory thoracotomy) 
in the production of distant metastases was 
studied. Tables xr and x11 show a detailed 
analysis o* the incidence of metastases. The 
patients Fave been grouped in all possible 
ways to determine if the differences are 
constant and not due to selection of pa- 
tients. The differences shown in Table x1 
seem to be due mostly to the result of the 
make-up of the group; in some of the 
groups, the selection is evident. In Table 
XII a continuous trend is seen in the differ- 
ence of production of distant metastases 
between patients who underwent an ex- 
ploratory thoracotomy prior to irradiation 
and the others. The group of cases which 
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did not have previous operation developed 
fewer metastases. 


COMMENTS 


Most of the practical value of this pre- 
liminary work, useful as it has been, con- 
sists of the fact that it serves as a basis for a 
well controlled cooperative study. It is not 
possible from this type of clinical investiga- 
tion to draw final conclusions about survi- 
val rates when differences in expected re- 
sults are small. There are, however, some 
clinical observations and a few positive 
data which vield important information for 
future use of the combined treatment and 
Its possibilities in improving the control of 
bronchogenic carcinomas. 

The group of patients has not been a se- 
lected group of early cases, as evidenced bv 
the percentage of inoperable cases and 
those with proven lymph node metastases 
in the mediastinum. 

The indication for radical treatment has 
no doubt been widened by the use of pre- 
operative irradiation; many cases of in- 
operable carcinomas have had the benefit 
of a total resection after irradiation. In- 
deed, the operability rate has been in- 
creased to a greater degree than expected. 
Thirty-six per cent of the patients of the 
inoperable group were able to undergo the 
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complete combined treatment (irradiation 
plus surgery). 

The study has furnished both direct and 
indirect. proof that irradiation, with the 
technique used at the University of Mary- 
land, can control mediastinal lymph node 
metastases from bronchogenic carcinoma 
in a rather high percentage of cases. Pa- 
tients with originally inoperable tumors 
and those with mediastinal lymph node 
metastases had a survival rate compar- 
able to those in the operable group pro- 
vided that they completed the combined 
treatment. 

In the group of operable cases, the study 
has not shown a definite advantage to be 
gained by the use of preoperative irradia- 
tion. This fact is possibly due to the design 
of the experiment. It is interesting, how- 
ever, that of all the patients, the group with 
negative specimens (primary lesion and 
lymph nodes) had the most and longest 
survivals. This gives some indication of the 
value of preoperative irradiation. There 
Is a strong suggestion that it helps reduce 
the production of operative seeding and 
dissemination to distant parts of the body. 

Evidence thus exists that some of the 
theoretic advantages to be gained from the 
systematic use of preoperative irradiation 
which were postulated in our previous 


TABLE XII 











INFLUENCE OF OPERATION BEFORE IRRADIATION ON RATE OF DISTANT METASTASES 

















Total Developed 














No. of Distant Per Cent 
Cases Metastases 
Cases in which combined treatment (Co*? teletherapy plus sur- 82 
gery) was completed 
Cases with exploratory thoracotomy 26 [^5 50 
Cases without exploratory thoracotomy 56 13 23 
Patients who received Co" teletherapy only (16 explored but no ITO 
tumor resection done) 
Cases with exploratory thoracotomy ai 27 66 
Cases without exploratory thoracotomy 69 39 54 
Total togs 9O 














* Of go patients who developed metastases, 40 (44.5%) had previous thoracotomy; of 102 without metastases, 27 (26.5%) had previ- 
ous thoracotomy. Incidence of metastases in cases with pre-irradiation thoracotomy—40 out of 67 (60%); in cases without pre-irradia- 


tion thoracotomy— 50 out of 125 (40%). 
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paper appear to be obtainable. The most 
important drawback in our study has been 
the rather high number of postoperative 
complications. Many of these complications 
occurred during the developmental period 
of the procedure and could be avoided in 
the future. The close cooperation between 
surgeon and radiotherapist is of funda- 
mental importance in this respect. The se- 
lection of the site for the incision outside 
the heavily irradiated areas of the chest 
wall and refinement in operative technique 
are factors of importance to be considered. 
We have already lowered the maximum 
tumor dose to 5,000 or 5,500 rads in the 
hope that this will help in reducing the com- 
plication rate due to failure of healing of the 
bronchial stump. Admittedlv, the complica- 
tion rate will continue to be higher than in 
cases without preoperative irradiation, not 
only because of the effect of the radiation, 
but also since much more advanced cases 
are subjected to the radical treatment. The 
dissection and denudation of the main 
bronchi, carina or trachea are a great deal 
more extensive than usual in these cases 
and, consequently, the rate of complica- 
tions is expected to be greater. By the use of 
the described precautions, some definite 
reduction in the complication rate has al- 
ready been obtained and a further reduc- 
tion Is anticipated. 

It now appears that our indications for 
this procedure are not as selective as they 
should be, but they were originally drawn 
up as broadly as possible in order to make 
the investigation more complete. The ex- 
perience gained so far shows that all cases 
with supraclavicular or scalene lymph node 
metastases and recurrent or phrenic nerve 
paralysis develop distant metastases before 
reaching operation, and it seems likely that 
when the disease has reached this stage it is 
already generalized. Furthermore, we have 
another large group of patients in our study 
who have also done very poorlv; these are 
the patients with complete lack of appetite, 
considerable weight loss, sallow color and 
marked asthenia. 
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CONCLUSIONS 


We believe that this has been a useful 
studv which has demonstrated some of the 
advantages of the svstematic use of pre- 
operative irradiation. These are: 

I. Preoperative irradiation in. broncho- 
genic carcinoma is feasible. 

2. A large number of inoperable tumors 
Is made operable. 

3. An important percentage of metasta- 
tic mediastinal lymph nodes is sterilized. 

4. Inoperable cases made operable and 
cases with controlled mediastinal lymph 
node metzstases, after completion of the 
combined treatment have survival rates 
comparable to those of the cases considered 
operable initially. 

5. The complication rate has been high, 
but is diminishing and can be reduced even 
further. 

6. Additional factors must be studied in 
a different experiment with biometric con- 
trol. 


Fernando G. Bloedorn, M.D. 
Department of Radiology 
University cf Maryland Hospital 
Baltimore, Maryland 
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CLINICAL STUDIES OF COMBINED CHEMOTHERAPY 
AND IRRADIATION IN INOPERABLE 
BRONCHOGENIC CARCINOMA* 


By F. F. GOLLIN, F. J. ANSFIELD, and H. VERMUND 


MADISON, WISCONSIN 


FFORTS to increase the therapeutic 

ratio in the treatment of far advanced 
localized malignant neoplasms bv the addi- 
tion of chemotherapeutic agents to irradia- 
tion have met with some success but not to 
the point of routine clinical application. 
The most promising adjuvant has been 
oxvgen;' however, the cumbrous apparatus 
and procedure have deterred its routine 
clinical adoption. 

Unanimity does not exist in regard to the 
dosage and spacing in the emplovment of 
the various chemotherapeutic agents. The 
ideal tumor dose, tvpe of fractionation, and 
elapsed time of irradiation for a specific 
tumor also present many variables. Com- 
bining the two modes of therapv in an 
effort to improve results compounds the 
uncertainties. Many years of well con- 
trolled studies are necessary to determine 
whether this therapy is superior to irradia- 
tion alone. 

The purpose of this paper is to up-date a 
previous report of clinical study of the 
treatment of inoperable bronchogenic car- 
cinoma with s-fluorouracil (s-FU) plus ex- 
ternal radiation? and to report on a clini- 
cal study using interrupted courses of 
5-FU plus irradiation or cyclophospha- 
mide (cytoxan) plus irradiation in inoper- 
able bronchogenic carcinoma. 


MATERIALS AND METHODS 


The first study was concerned with the 
results of a prospective randomized clinical 
experiment wherein consecutive patients 
qualifving for the protocol were assigned 
by drawing cards blindlv to either roentgen 
therapy alone or in combination with z- 


fluorouracil (£- FU). Thirteen pairs, or 26 
patients, were included in this studv (Fig. 
1 

The second study compared the results 
of treatment using fractionated split-course 
irradiation plus s-FU (19 patients) and 
fractionated split-course irradiation plus 
cytoxan (15 patients). Included in this 
study 1s a small randomized series in which 
fractionated single course roentgen therapy 
was added as a third comparative group. 

All survival times were calculated from 
the date of initiation of therapy. The cri- 
teria for including patients in the protocol 
were alike in both studies, namely: (1) 
established diagnosis of primary broncho- 
genic carcinoma, histologically proved by 
biopsy of the primary tumor, regional 
lymph nodes, or adjacent tissues; (2) no 
clinical, laboratory or roentgenographic 








Bl Radiation only 
D lll Radiation plus 5 FU 


D 
TUA eee AELIAN MULT MIL 








12 M COMM LL 
13 » o 
| n 2 30 40 50 
Radiation Combined 
Average Survival 
MONTHS 
Fic. 1. Survival in 26 randomized patients with 


inoperable bronchogenic carcinoma treated with 
1 million volt roentgen therapy alone or in 
combination with s-I'U. D, dead; L, still alive. 
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evidence of spread of tumor bevond the 
chest or supraclavicular area; (3) tumor 
nonresectable due to local infiltration, 
mediastinal lymph node or pleural involve- 
ment, or extension to the chest wall, or to 
scalene or supraclavicular lymph nodes; 
and (4) patients in sufficiently good general 
condition to be acceptable for radiation 
therapy. 


I. SINGLE COURSE THERAPY 

The clinical data regarding patient ma- 
terial were given in the preliminary arti- 
cle? The histopathology of the cases is 
listed in Table 1. 

Roentgen therapy. Vhe dose in roentgens 
(r) was expressed as the minimal tumor 
dose in the central axis of the beam calcu- 
lated to the mid-plane of the chest. The 
conversion factor to rads is 0.96. The goal 
was to deliver a minimal central tumor dose 
of 4,000 to 5,000 r over a 4 to § week period 
with a 1,000 kvp. Maxitron unit, at a half 
value layer of 9.0 mm. of copper and a 
focal skin distance of 70 to 100 cm. through 
opposing anterior and posterior fields, cov- 
ering all regions assumed to be involved 
with carcinoma. A dose of about 1,000 r 
per week was well tolerated by a majority 
of patients receiving roentgen therapy 
alone. The average dose was 4,075 r; the 
anticipated minimal dose was not reached 
in 4 patients because of complications 


(Table 11). 


TABLE | 


HISTOPATHOLOGY OF TUMORS IN RANDOMIZED 
PATIENTS WITH BRONCHOGENIC CA RCINOMA* 








No. of Patients 


Treated 

Roentgen s-I*U and 

Type Therapy Roentgen 

Only Therapy 
Squamous Cell Carcinoma 5 8 
Anaplastic Carcinoma 7 5 
Adenocarcinoma I O 
Total 13 13 





* Reprinted from Cancer.’ 
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TABLE II 


MINIMAL CENTRAL TUMOR DOSE OF RADIATION* 








No. of Patients Treated 











Dose Roentgen s-l'U and 

(r) Therapy Roentgen 

Only Therapy 
1,000-2,0CO O I 
2 , 000-3 ,OCO O 4 
3,000-4 , O0C 4 3 
4 ,000-5 ,00C 9 g 

Average Dose 


4,075 35415 


* Reprinted from Cancer.® 


The rcentgen-ray dose goal in the group 
receiving combined ;-FU and roentgen 
therapy was the same; however, treat- 
ments had to be interrupted earlier. Only 5 
of the 13 patients received a tumor dose 
of 4,000 r or more. The average dose de- 
livered in this group was 3,415 r. Toxic 
manifestations in the form of leukopenia, 
fever, severe anorexia, and nausea neces- 
sitated shortening the course. In 2 patients 
who survived 1 month, death was attrib- 
uted to toxicitv. 

Chemotherapy. 5-FU was administered 
intravenously by rapid injection in a dose 
of 15 mg./kg. of ideal body weight. Fol- 
lowing the dosage regimen employed by 
Hall and Good! earlier, the injections were 
repeated daily up to 4 days, then half of 
the initial dose was given twice weekly 
until toxicity was reached. After severe 
toxicity was noted in some patients, the 
dose was reduced to 3 daily injections of 
the full dose followed by half doses at 
varying intervals, depending on tolerance. 
The cumulative doses are given in Table ri. 

The average duration of chemotherapy 
was 9 davs, and the average duration of 
roentgen therapy was 28 days in the com- 
bined treatment group. 

II. SPLIT-COURSE THERAPY 

After continuing the initial study for 1 
vear, no obvious differences in survival 
were noted. This along with the 2 deaths 
due to toxicitv in the combination treated 


Tase III 


DOSES OF §-FU ADMINISTERED DURING 
COURSE OF COMBINED THERAPY 


No. of Doses* No. of Patients 
s-FU (randomized series) 
2-34 2 
4-44 4 
5-5% 3 
6—64 4 
Total I3 


* The 5-FU was given daily in doses of 15 mg. per kg. of 
body weight intravenously. 


group led to the termination of the study. 
With the intention of decreasing toxicity 
and increasing the period in which concur- 
rent chemotherapy and roentgen therapy 
were given, a study using split-course ther- 
apy was initiated. Included in the study 
was a prospective randomized series of 20 
patients. 

Roentgen Therapy. The therapy unit and 
factors used were similar to those of the 
previous study. In patients receiving the 
combined treatment, the goal was to de- 
liver a minimal central tumor dose of 1,500 
r over a Io to 14 day period followed by 4 
to 5 week rest periods and repeating the 
cycle until a minimal central tumor dose 
of 6,000 r was reached. 

Split-course or periodic radiation ther- 
apy has been the object of revived interest 
in recent years.*-§ Scanlon? reported good 
results with 3 week rest intervals between 
the radiation courses. Sambrook® reported 
encouraging results with 2 to 3 week rest 
intervals but cited rest intervals as long as 
33 days. The 4 to 5 week interval between 
courses was chosen because this was the 
interval required for recovery when pa- 
tients were treated to toxicity with 5-FU. 
The patients in this randomized series 
treated with roentgen therapy alone re- 
ceived a single course with a goal of 5,000 r 
minimal central tumor dose. All patients 
were treated to this minimal dose. The 
average dose in patients treated with roent- 
gen therapy and 5-FU was 3,823 r with 
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one of the patients reaching the planned 
goal. The average dose in patients treated 
with roentgen therapy and cytoxan was 
4,911 r with 2 of 7 patients reaching the 
planned goal (Table rv). 

Chemotherapy. The planned dose of 
5-FU was 15 mg./kg. per day by rapid 
intravenous injection for 3 days, 7.5 mg. 
/kg. on the fourth day and twice weekly 
thereafter until signs of toxicity appeared 
or the course of roentgen therapy was 
completed. The average duration of s-FU 
therapy in the 6 randomized cases was 
9 days. 

The planned dose of cytoxan was 400 
mg. per day by rapid intravenous injection 
for 3 or 4 days followed by 200 mg. 3 times 
weekly until some manifestation of toxicity 
appeared or the course of roentgen therapy 
was completed. The average duration of 
cytoxan therapy in the 7 randomized cases 
was 11 days. Table v shows cumulative 
doses in the first course in both the ran- 
domized and nonrandomized cases plus 
the number which demonstrated signs of 
toxicity. The chemotherapy was repeated 
with each subsequent course of roentgen 
therapy. 


RESULTS 


I, SINGLE COURSE THERAPY 


The results were analyzed in terms of 
mean survival time from the first day of 


TABLE IV 


MINIMAL CENTRAL TUMOR DOSE OF RADIATION 
IN RANDOMIZED SERIES 





No. of Patients 








Roentgen Roentgen Roentgen 
Dose (r) Therapy Therapy Therapy 
Alone (split (split 
(single course) course) 
course) +s5-FU ` +Cytoxan 
IO00-2,000 O I © 
2 , 000-3 ,000 O I o 
3,000-4 ,000 o I 1 
4 ,000—-5,000 O 2 2 
$,000-0vet 7 I 4 
Average Dose 5,147 3,823 4,911 
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TABLE V 
INITIAL COURSE OF CHEMOTHERAPY IN SPLIT-COURSE TREATMENT 
No. Treated Toxicity No. Treated Toxicity 
Agent Doses (non-randomized) Observed (randomized) Observed 
5-FU 32-4 9 2 I 
4275 10 3 2 
Cytoxan 3-44 5 2 I 
5-6 IO 3 6 ? 





therapy, and the standard errors of the 
means were computed to allow an estimate 
of the statistical significance of the ob- 
served difference.? 

ligure 1 is a bar graph representing the 
survival of the paired patients. The mean 
survival period (Table v1) after roentgen 
therapy alone was 6.2 months with a 
standard error of +1.2 months. All the 
patients in this group have died, the longest 
survival being 14 months. For comparison, 
the mean survival time at the present writ- 
ing after combined 5-FU and roentgen 
therapy is 16.8+5.1 months with 3 pa- 
tients still alive at 40, 43, and £o months. 
Application of the student ¢ test demon- 
strates that the probabilitv is about 1 in 
20 (p=.os) that the difference in the mean 
survival times presently recorded is due to 
chance. 

The fraction of patients alive after 5-FU 
and roentgen therapy was higher than 
after roentgen therapv alone at all intervals 
recorded from 6 to 48 months (Table vii). 


The longest survivor is a white male 47 years 
of age, first seen in June, 1959. He gave a 6 


month history of pain in his right upper 
shoulder and upper back which was increasing 
in intensity, a 20 lb. weight loss, and a chronic 
cough producing a blood tinged sputum. Roent- 
genograms revealed a tumor of the right upper 
lung field with destruction of the vertebral end 
of the third rib, the under surface of the second 
rib and the lateral aspect of the third dorsal 
vertebra (Fig. 24). A biopsy taken of the rib 
lesion with a Silverman needle was interpreted 
as a squamous cell carcinoma, Grade 111. The 
lesion was classified as a Pancoast type tumor. 
The patient was treated with daily rapid in- 
travenous injections of -FU at a dose of 15 
mg./kg. “or § consecutive days followed by 2 
half doses at 3 day intervals. External roentgen 
therapy was started the same day the patient 
received the first dose of £- FU. Over a period of 
30 days the patient was treated to a minimal 
tumor dose of 5,000 r. His initial white blood 
cell court was 16,000 per cu. mm. The count 
decreased to 5,000 per cu. mm. r1 days follow- 
ing the initiation of therapy and then increased. 
He deveioped slight nausea on the third day of 
treatment, a diarrhea and 2+ stomatitis on the 
eighth cay and a sore throat on the twenty- 
second day of treatment but was able to return 
to work 2 months following the completion of 


TABLE VI 


SURVIVAL IN INOPERABLE BRONCHOGENIC CARCINOMA TREATED WITH ROENTGEN THERAPY ALONE 
OR A COMBINATION OF $-FU AND ROENTGEN THERAPY 








(RANDOMIZED SERIES) 





No. Treated 


No. Alive 





Mean Survival Time 





Months SE, p* 


——L—KS Ma 


Roentgen Therapy Alone 13 
RoentgenTherapy 4- ;-FU I3 


O 6.2 
3T 16.8 


* The technique for handling statistical computations is described by Dixon and Massey.’ 
T Still alive at 40, 43 and 50 months, respectively. One other patient survived 36 months, 
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Tase VII 
PATIENTS WITH INOPERABLE BRONCHOGENIC CARCINOMA TREATED WITH ROENTGEN 
THERAPY ALONE OR §-FU AND ROENTGEN THERAPY 
(RANDOMIZED SERIES) 


SURVIVAL OF 





No. of Months after Therapy 








6 
Roentgen Therapy Alone E113)" 2 
8 (13) 5 


c-FU4- Roentgen Therapy 


* The figures in parenthesis indicate the total number of patients 


therapy. Following the course of roentgen 
therapy, he received 5-FU every 5 weeks for a 
total of 23 courses. During the past 22 months 
he has received no treatment, worked regularly, 
gained 70 pounds in weight and has no physical 
complaints. Six months following the comple- 
tion of roentgen therapy, he developed pneu- 
monia with abscess formation in the right upper 
lobe which was treated successfully with anti- 
biotics. Figure 2B is a roentgenogram made 50 
months later. There is complete regression of 
the tumor mass and recalcification of the bony 
lesions. 


ç year old male 
with a histologic diagnosis of squamous cell 
carcinoma, Grade 11-11. He received a mid- 
plane dose of radiation of 3,960 r over an elapsed 


The 43 month survivor is a 75 


Pie ad 








(5 18 36 49 
(13) O (13) 

(13) 4 (13) 4 (13) I (11) 
treated. 


time of 28 days. Over a period of 14 days 3 full 
and 3 half doses of 5-FU were given. The treat- 
ment was tolerated well, the only sign of toxic- 
ity being a white blood cell count of 2,100 per 
cu. mm. Presently there is no evidence of resid- 
ual or recurrent tumor. À drv hacking cough 
causes some discomfort. 


The 40 month survivor is a 74 year old male 
with an anaplastic carcinoma presenting evi- 
dence of recurrent nerve paralysis and early 
superior vena caval obstruction. He received a 
mid-plane radiation dose of 4,025 r over a period 
of 26 days and, in addition, over a period of 3 
days 2 full doses of ;-FU. This therapy was 
terminated when his white blood cell count fell 
to 2,580/cu. mm. The white blood cell count 
was 1,800/ cu. mm. the day he received his last 





Fic. 2. (4) Chest roentgenogram prior to treatments with combination §-FU and radiation. 
(B) Roentgenogram made 50 months later. 
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roentgen-ray treatment. The patient presently 
is up and about but becomes dyspneic with 
exertion. Roentgenograms made before ther- 
apy, immediately after therapy and 24 months 
after the beginning of therapy are shown in 
Figure 3, 4, B and C. The tumor regressed 
rapidly with therapy but subsequent opacities 
occurred which probably represent fibrosis; 
however, recurrent tumor cannot definitely be 
ruled out. 
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Fic. 3. Chest roentgenograms of a living 40 
month survivor treated with combination 
s-FU and radiation. (4) Before therapy; 
(8) immediately after completion of ther- 
apy; and (C) 24 months after onset of 
therapy. 


II. SPLIT COURSE THERAPY 


The mean survival of the 19 patients 
treated with external roentgen therapy 
plus ;-FU in split courses was 5.8 months 
(Table vi). The mean survival of the 15 
patienzs treated in this manner substitut- 
ing cytoxan for 5-FU was 6.8 months. 
These patients have all expired, the long- 
est survival being 15 months. 
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SURVIVAL OF PATIENTS WITH INOPERABLE BRONCHO- 
GENIC CARCINOMA TREATED WITH SPLIT-COURSE 
COMBINATION THERAPY 











Average 
Survival Suis 
Survival 
Roentgen Therapy 4- ;-FU 0/19 
Average Months 5.8 
Range (O-14) 
Roentgen Therapy+Cytoxan 0/15 
Average Months 6.8 
Range (2-15) 








The randomized series included 20 pa- 
tients. The mean survival of 7 patients 
treated with a single course of roentgen 
therapy alone was 8.3 months with 1 living 
survivor at 1§ M The mean survival 
of 6 patients treated with combined split- 
course roentgen therapy and ;-FU was 4.8 
months. The mean survival of 7 patients in 
combination split-course roentgen therapy 
with cytoxan was 7.4 months with all pa- 
tients dead. 


CONCLUSIONS 


The data in this small series suggest that 
there is a significant increase in the survival 
time of patients with inoperable broncho- 
genic carcinoma after roentgen therapy 
with 5-FU added in toxic or near toxic dose 
levels. A similar therapeutic synergism 
could not be demonstrated with s-FU and 
roentgen therapy and cvtoxan and roent- 
gen therapy, using split-course technique 
as employed in this study. 

The disadvantages associated with com- 
bined therapy were related to toxic side 
reactions which developed in some pa- 
tients. Dietary deficiencies, especially of 
protein, will increase the toxicity.” Reac- 
tions were unpredictable and careful ob- 
servation of the patients became essential. 

Combined chemotherapy and roentgen 
therapy would have no advantage over a 
higher dose of radiation unless there were 
an increase in the differential effect on 
cancer versus normal tissue or an inhibi- 
tion of the proliferation of hidden distant 
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metastases. Previous animal experimenta- 
tion suggested that increased tumor regres- 
sion was achieved without increased reac- 
tion in the surrounding tissues with com- 
bined therapy." No sensitization of the 
skin or subcutaneous tissues was observed 
in patients receiving combined s-FU and 
roentgen therapy. In a few patients, pneu- 
monitis resulted after relatively low doses 
of radiation to the chest when combined 
with chemotherapy, possibly due to super- 
imposed inflammation as a result of the 
decreased tissue resistance. 

The failure to achieve increased survival 
using split-course combination therapy 
may have been due to the long interval 
between courses. The protocol required a 
minimum of § months for completion of 
therapy. This borders on the lower limit 
ot the average reported mean survival of 
inoperable bronchogenic carcinoma cases. 
Temporary inhibition of mitosis may have 
been produced with 1,500 r, but not enough 
to prevent mitotic recovery, the interval of 
exposure being longer than the period re- 
quired for recovery. 

Lower doses of the chemotherapeutic 
agent with single course of roentgen ther- 
apy may prolong the period of concurrent 
therapy, decrease toxicity and improve 
survival. It may be an area worthy of 
further study. 

Serious consideration should be given to 
the treatment of inoperable bronchogenic 
carcinoma with s-FU and roentgen therapy 
in a single course. The combination may be 
developed into a method which could be 
given a place in the clinical management 
of this disease. 

F. F. Gollin, M.D. 
Department of Radiology 
University Hospitals 
Madison 6, Wisconsin 
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HODGKIN’S DISEASE OF THE LUNG 
ROENTGENOLOGIC-PATHOLOGIC CORRELATION 


By H. O. STOLBERG,* N. L. PATT,} K. F. Mac EWEN,t O. H. WARWICK,§ and 
T. C. BROWNI| 


TORONTO, ONTARIO 


N A NUMBER of recent cases of Hodg- 

kin's disease, it was noted that the chest 
roentgenograms revealed patterns which 
did not conform to the generally accepted 
configurations in this disease. Yet, at 
necropsy infiltrations of the lungs were 
demonstrated which virtually corresponded 
to the roentgenographic lesions. Further 
examination of this matter was undertaken 
by a combined review of the roentgeno- 
grams and the pathologic findings of the 
lungs of 50 cases autopsied at the Toronto 
General Hospital and the Princess Marga- 
ret Hospital. This has, in our opinion, 
broadened the range of recognition of the 
roentgenographic appearances of pulmo- 
nary Hodgkin’s lesions, and has brought 
them into closer alignment with the variety 
of tissue changes previously described by 
pathologists, and the more recent knowl- 
edge of the anatomy of the lung. While the 
mediastinal and tracheobronchial lymph 
nodes are the intrathoracic structures most 
commonly affected by Hodgkin’s disease, 
pulmonary involvement has been de- 
scribed previously with frequencies ranging 
from 14.4 per cent to 5o per cent.!2:1.17,37,57, 
°°) On the other hand, cardiac infiltration 
has been reported as uncommon,” although 
Smith e/ al.’ have noted it not infrequently. 
Similarly, pericardial effusion has been 
seen,’ and Steiner? reported that the 
thoracic bony structures were diseased in 
28 per cent of 2,009 cases coming to 
necropsv. 

The pathology of Hodgkin's disease of 
the lung has been well documented in the 


classic accounts of Versé,®® Hartfall2? of 
London, England, and Moolten?? of New 
York. In these are described and classified 
the complete range of lesions that may de- 
velop. Reaffirmation has been amply sup- 
plied by subsequently published studies of 
Falconer and Leonard, ^!5* Charr and Was- 
colonis,* Craver eż al., ! Wolpaw, Higley and 
Hauser,? Wright* and Kern e£ a/.^ From 
these it is apparent that, besides massive 
infiltration or spread from disease in the 
mediastinal lymph nodes, there may be a 
nodular configuration or a multicentric dis- 
tribution of lesions, or the development of 
the disease primarily in the lung itself. Fur- 
thermore, massive involvement may result 
from confluence of these lesions. 

The different classifications of the pa- 
thology of Hodgkin’s disease of the lung, 
employing varying terminology, assign the 
lesions to essentially the same basic cate- 
gories determined largely by the extent of 
the involvement, central or peripheral loca- 
tion, or the anatomic zone that is pri- 
marily affected. The bronchovascular form 
consists in the ensheathment of the bronchi 
and their branches, as well as their accom- 
panying blood vessels. Their walls are 
thickened and their lumina constricted; in- 
farction follows permeation of the proximal 
arteries and veins by the granuloma. 
Moolten*® introduced the term ‘‘endo- 
bronchial” for the polypoid protrusion of 
the tumor into the lumen of the bronchus. 
He has been joined by others in describing 
the consequent changes in the distal pul- 
monary parenchyma. Once established in 


* Staff Radiologist, Sunnybrook Hospital. Formerly, Department of Diagnostic Radiology, Toronto General Hospital. 

T Staff Radiologist, Sunnybrook Hospital. Formerly, Department of Diagnostic Radiology, Toronto General Hospital. 

£ Radiologist in Chief, Department of Diagnostic Radiology, Wellesley and Princess Margaret Hospitals, Toronto, Ontario, 

$ Formerly, Chief Physician, Ontario Cancer Institute (Princess Margaret Hospital) and Assistant Professor (Med.), University of 
Toronto. Presently, Dean, Faculty of Medicine, University of Western Ontario, London, Ontario, 

|| Pathologist in Chief, Ontario Cancer Institute (Princess Margaret Hospital) and Assistant Professor (Path.), University of Toronto, 
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the interlobular septa, the disease produces 
wide bars which extend inwardly as Mool- 
ten's "stalactytic" form, and which appear 
in the roentgenograms as Kerley’s lines. 
Deposits of the disease in the subpleural 
connective tissues may be focal or zonal. 
The former tend to expand centripetally as 
nodules characterizing the so-called “‘sub- 
pleural type." The pneumonic form de- 
velops when the lesions gain a foothold in 
the terminal air passages and alveoli, and 
Moolton referred to this as the "exudative 
form." Craver ef ab Charr and Wasco- 
lonis? and Wolpaw e a/.,9? among others, 
emphasized the propensity of such lesions, 
in their advanced stages, to undergo cavita- 
tion and acquire fistulas. 

The forms assumed by these different 
types of lesions can change as they mature. 
Appearing singly or multicentrically, they 
begin as nodules, bands and patches which 
expand, run together and blend to create 
larger nodules, or to affect lobules, lobes or 
an entire lung. Hence, the classifications 
are topographical. 

Inextricably bound to pulmonary lesions 
are those of Hodgkin’s disease of the 
pleurae which may appear as single or mul- 
tiple plaques, or as an encrustation of the 
entire surface. The different accounts men- 
tion this form with varying emphasis and 
Bernard® was satished that this was, in- 
deed, the commonest form. In other reports 
the descriptions make it difficult to dis- 
cern whether the lesions occurred pri- 
marily in the pleural or in the subpleural 
tissues. The association of effusion with 
Hodgkin’s disease was mentioned by Si- 
monds?" in 20 per cent of cases; Falconer 
and Leonard" reported it in 5 of 7 cases, in 
3 of which pleural disease was seen at 
autopsy. Wright“ found it in 17 of 60 cases 
of intrathoracic disease, in only 7 of which 
were the mediastinal lymph nodes in- 
volved. Versé?? suggested that pleural etfu- 
sion in the absence of pleural involvement 
is the result of Iymphatic obstruction; Fal- 
coner and Leonard," Charr and Wascolo- 
nis, Wolpaw ef a/. and Van Hazel and 
Jensik?? described it as occurring with infil- 
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tration of the lungs or pleura as well as with 
hilar lymph node involvement, and felt 
that it was due to mechanical factors, such 
as pressure on the vessels. They also men- 
tion the occurrence of chylous effusion in 
support of this thesis. It is evident then, 
that in pulmonary Hodgkin’s disease, 
pleural effusion may or may not occur, and 
that it is not necessarily dependent on the 
existence of tumor in the pleura. 

From the roentgenographic standpoint, 
Versé’s morphologic description of pulmo- 
nary Hodgkin’s disease remains un- 
matched. His classification, however, 
makes extensive allowances for apparent 
similarities with tuberculosis in an attempt 
to support the theory of the infectious eti- 
ology of Hodgkin's disease which was 
favored bv many at that time. It is unfor- 
tunate that the classification which he es- 
tablished remains the most widely quoted 
portion of his work. Roentgenologic de- 
scriptions that followed, such as those of 
Sheinmel e a/.*° utilized this classification, 
but these studies were not based on autopsy 
proven material, and thus provide no de- 
tailed correlation between the roentgeno- 
graphic appearances and the underlying 
lesions. Ir 1944, Wolpaw e 47.9 emphasized 
that a relationship should be expected be- 
tween “the protean manifestations of intra- 
thoracic Hodgkin's disease and the ana- 
tomical distribution of lymphoid tissue." 
Later, Fleischner ef al.” applied this same 
concept in their description of Hodgkin's 
disease affecting the anterior mediastinum. 


RELEVANT ANATOMIC FEATURES 


A review of the basic anatomic features 
of the distribution of the lymphatic and 
reticuloendothelial tissue in the lung facili- 
tates an understanding of the manifesta- 
tions of pulmonary Hodgkin's disease. 
Reticuloendothelial tissues are found with- 
in the thorax as encapsulated lymph 
nodes, isolated lymph follicles or nodules 
and as unorganized, focal distribution of 
lymphocytes in connective tissue. Unen- 
capsulated follicles or nodules of lymphatic 
tissue are distributed at three main sites: 
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(4) Lymphoid tissue in relation to bronchi. 
(B) Diagrammatic illustration of peripheral distri- 
bution of lymphoid tissue in the lung. (1) Junction 
of interlobular septa with pleura; (2) junction of 


venous radicles (originating around alveolar 
ducts) with venous trunks; (3) junction of small 
pulmonary veins (originating in the periphery of 
secondary lobules) with venous trunks; (4) be- 
tween small pulmonary arterial branches and 
adjoining air spaces; and (5) at division of bronchi 
and pulmonary arteries. 


(1) at the points of division of the more dis- 
tally situated bronchi, bronchioles and pul- 
monary vessels; (2) within the walls of the 
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bronchi between the muscular coat and 
cartilage, in peribronchial connective tissue 
and between adjacent cartilages (Fig. 1.7); 
and (3) peripherally, as indicated below. 
Lymphoid tissue in the form of follicles is 
not found distal to the terminal bron- 
chioles. Lymph nodes are located within 
the chest in the mediastinum and at the bi- 
furcation of the first and second order of 
bronchi. They are also located upon the 
thoracic surface of the diaphragm, deep to 
the parietal pleura. 

Distributed throughout the lung are 
small aggregates of lymphocytes lying 
within loose connective tissue. According 
to Miller,?? these are situated as shown in 
Figure 15). They occur at the point of ori- 
gin of pulmonary veins (1) (within the 
interlobular septa), at the junction with the 
pleura. Such septa, it is clear, lie perpendic- 
ular to the pleural surface and delineate the 
borders of the secondary lobule. Further 
centrally within these septa, they surround 
the junctions of venous radicles as indi- 
cated (2 and 3). They are also found be- 
tween small arterial branches and adjoining 
air spaces (4), and at the divisions of ar- 
teries and of bronchi (5). Joining these vari- 
ous sites of lymphatic tissue within the 
lung is a network of lymphatic channels. 
This network, in turn, consists of a super- 
ficial portion within the visceral pleura and 
a deep portion which surrounds not only 
the bronchi and their ramifications to the 
distal end of the alveolar ducts, but also the 
pulmonary vascular bed. These two sys- 
tems communicate at junctions between 
the interlobular septa and pleura. 


OBSERVATIONS 

Fifty consecutive cases of Hodgkin’s dis- 
ease coming to postmortem examination in 
the 10 year period between 1951 and 1961 
at the Toronto General Hospital and the 
Princess Margaret Hospital were included 
in a comparative examination of the chest 
roentgenograms with the pathologic ap- 
pearance of the intrathoracic structures. 
Among the patients were 34 men and 16 
women whose ages ranged from 17 to 75 
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vears. Their illnesses had lasted from 3 
weeks to 11 years. In accord with the indi- 
vidual circumstances, these cases received 
courses of irradiation and chemotherapy 
upon which no further comment is relevant 
at this juncture. In respect to age and dura- 
tion of disease, the patients corresponded 
to other series.?*?? 

The intrathoracic structures were fre- 
quently affected and, as is indicated in 
Table 1, the mediastinal and tracheobron- 
chial lymph node involvement were the 
most common signs of intrathoracic dis- 
ease. Table 1 details the different sites in 
the lungs where the disease was located at 
autopsy. Simultaneous involvement at 
several sites explains the discrepancy in the 
figures between the two tables. Of interest 
is the relatively high incidence in the dia- 
phragm, which was affected in 7 patients 
(14 per cent of cases), and in the heart of 6 
patients (12 per cent). Pericardial effusion 
was seen in 3 cases, while simultaneous in- 
volvement of the pericardium and mvocar- 
dium was evident in 2. The disease was 
localized to the pericardium in 2 cases, in 
the mvocardium in r, and the endocardium 
in 2 further cases. Histologically, the bony 
structures of the chest wall were involved 
in 33 per cent of cases, although roentgeno- 
graphically, osseous disease was visible in 
only 1 of these patients. The other viscera 
involved at the time of death are indicated 
in Table 111. To emphasize the systemic na- 
ture of Hodgkin's disease, it should be 
added that in only 1 of the patients in this 


TABLE I 


THORACIC STRUCTURES AFFECTED BY 
HODGKIN'S DISEASE 

















No. of 

Patients 
Centrally Located Lymph Nodes 49 
Lung 31 
Bony Thorax 16 
Pleura 13 
Diaphragm 4 
Heart 6 
Esophagus 3 
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TABLE II 


REGIONS OF LUNGS INVOLVED 





Site No. of Patients 





Subpleural I5 
Bronchial LI 
Massive Parenchymal 6 


Not Specified II 





series were the thoracic structures the only 
site. Finally, it is to be stressed that, next to 
disease in the lymph nodes, the lung ranks 
with the liver and spleen as the more com- 
monly affected organs. 


THE ANATOMIC PATHOLOGY 


In these cases of Hodgkin’s disease, the 
lungs assumed a number of gross appear- 


TABLE III 


CONDITIONS ASSOCIATED WITH THORACIC 
HODGKIN’S DISEASE 





No. of 





Patients 
Pleura 
Pleural Effusion 38 
Obliteration of Pleural Space 8 
Hemothorax I 
Subpleural Hemorrhages I 
Parenchyma 
Radiation Effects 13 
Fibrosis and Pneumonitis 5 
Fibrosis 5 
Pneumonitis 3 
Pneumonia 15 
Bacterial 13 
Aspiration I 
Associated with Acute 
Ulcerative Bronchitis I 
Atelectasis 12 
Infarction 6 
Cholesterol Pneumonitis 4 
Bronchiectasis and 
Bronchiolectasis 3 
Pulmonary Edema I 
Pericardium II 
Effusion 6 


Obliteration of Pericardial 
Space 5 
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ances, none of which served to distinguish 
the disease readily from other neoplastic or 
granulomatous processes. Usually, there 
was a mixture of nodular lesions, varying 
from seedling to massive proportions, and a 
dense, ill-defined, spreading induration, 
concentrated particularly in and around the 
bronchovascular bundles, the subpleural 
connective tissues and the interlobular 


septa. However, a focal preponderance of 


any of these different types of lesions 
pointed to their initial development in 3 
separate zones in the lung. 

The most frequent form of the lesion was 
an expansion of the connective tissues 
around the blood vessels and bronchi with 
an infiltration of Hodgkin’s granulomatous 
tissue. The localization of particularly large 
lesions producing fusiform or cylindric 
masses around the large bronchial branches 

was found to be associated with destruc- 


tion of the mucous membrane, narrowing of 


the lumina, and often occlusion, either bv 
concentric mural thickening or by papil- 
lomatous ingrowth of tumor tissue in con- 
tinuitv with the involvement of the mucosa 


and submucosa. Indeed, the permeation of 


all layers of the walls of bronchi was often 
extensive, even though grossly it appeared 
as only minor thickening. Less frequently, 
the blood vessels accompanying the bron- 
chi were similarly affected, and complete 
occlusion was found in several instances. 
The microscopic sections simply revealed 
these lesions as they affected the small 
ramifications of the structures. 

A most striking form of Hodgkin’s infil- 
trate was found as a tough, gray nodule, 
which could be of seedling or much larger 
diameter, located in and deep to the vis- 
ceral pleura, and often unaccompanied by 
more than the slightest reaction of the 
pleura. The large lesions often extended 
deeply into the marginal parenchyma, and 
it was these subpleural nodules that were so 
readily correlated with those shown in the 
roentgenograms. When small, these nod- 
ules were either single or found in clusters. 
They could be ovoid, or elongated, or 
arranged along the lines of the lobular 
lymphatics on the surface of the lung, so 


Stolberg, Patt, Mac Ewen, Warwick and Brown 


Jury, 1964 
that this mosaic pattern was accentuated. 
On the cut surfaces of the underlying lung, 
it often happened that the interlobular 
septa were widened by Hodgkin’s infiltra- 
tion, and particularly when these meshed 
with the widened distal extensions of the 
bronchovascular structures, a distinct fili- 
gree pattern resulted. 

The larger nodules near the pleural sur- 
faces were not entirely confined to the sub- 
pleural and interlobular connective tissues. 
They did, in fact, represent deposits that 
had consolidated the parenchyma and ap- 
peared initially as small, blunt. promon- 
tories of tumor jutting from the broncho- 
vascular bundles or interlobular septa. Ex- 
tension of this process in confluence with 
adjacent lesions created the largest tumors, 
sometimes involving an entire lobe or even 
the greater part of the lung. Through this 
rigid, rubberv mass, interrupted by yellow, 
pultaceous, necrotic zones, the blood vessels 
and bronchi ran an uninterrupted course. 
In this mass of Hodgkin's involvement, 
little of the earlier lesions remained. None- 
theless, it was evident that it was from the 
synchronous expansion and blending of the 
Hodgkin's deposits from their initial loca- 
tion in the lymphatics of the perivascu- 
lar, subpleural and interlobular zones that 
the massive lesions were created. 


ROENTGENOGRAPHIC OBSERVATIONS— 
INTRAPULMONARY LESIONS 


From the pathology of pulmonary Hodg- 
kin’s disease, one can arrive at a classifica- 
tion Into 3 3 pr incipal categor les according to 
the anatomic distribution of the diseased 
reticuloendothelial tissues. These categories 
are: (1) bronchovascular, (2) subpleural, 
and (3) massive (pneumonic). It must be 
emphasized that pulmonary Hodgkin's dis- 
ease may remain localized, or may be dis- 
tributed diffusely. Local lesions arise either 
subpleurally or endobronchially, while the 
diffuse lesions arise in the bronchovascular 
reticuloendothelial tissues. 


I. BRONCHOVASCULAR FORMS 


clinical and 
associated with 


Because of the distinct 
roentgenologic changes 
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lic. 2. Hodgkin's disease 1n relation to broncho- 
vascular bundles. (A) Lung: Perivascular 
Hodgxin's infiltration destroying the wall 
and compressing the lumen (H & EX Io). 
(B) Lung: Peribronchiolar and perivascular 
concentric Hodgkin’s deposits (H & EX 16). 
(C) Lung: Occlusion of arterial lumen by 
Hodgxin’s granuloma (Elastin stain X 100). 


encroachment upon the bronchial lumen, (a) Interstitial Involvement. The pathol- 
this group was subdivided into predomi-  ogist describes these lesions as they expand 
nantly (a) interstitial and (b) endobron- connective tissues (Fig. 2, Æ-C). Roent- 
chial types. genographically, they are ill-defined infil- 
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trates along bronchovascular bundles. The 
appearance will vary according to the plane 
of projection. Seen end-on, they appear as 
nodules; seen in profile, thev are linear 
densities. Overlap of multiple densities and 
confluence add further variables. The resul- 
tant roentgenographic pattern is indis- 
tinguishable from other processes of similar 
distribution. This usually occurs. bilater- 
ally. Despite extensive involvement, there 
is in this group little evidence of impair- 
ment of aeration, and consequently no 
signs of consolidation or collapse. 

As an early manifestation, we have ob- 
served discrete infiltrations of the sub- 
pleural interstitial septa. Roentgenographi- 
cally, this type of infiltration cannot be 
differentiated from other causes of so-called 
‘“Kerley’s B lines,” which correspond to ex- 
pansion of septa dividing secondary lobules 
by elements of soft tissue density, such as 
cells or fluid. These expanded septa remain 
distinct for only a short period of time and 
subsequently become obscured as the result 
of overlap and confluence (Fig. 3, .7- D). 

(b) Endobronchial Type. Extensive 
permeation of the bronchial wall and de- 
struction of the mucosaleading to bronchial 
occlusion can occur with or without sig- 
nificant expansion of the connective tis- 
sues. Endobronchial extension may be 
localized, usually within centrally located 
bronchi, or may lead to diffuse narrowing 
of bronchi of smaller caliber. Marked im- 
pairment of aeration followed by collapse, 
as seen in these cases, is not otherwise a 
feature of pulmonary Hodgkin’s disease. 
The sudden occurrence of atelectatic le- 
sions should alert the radiologist to suspect 
bronchial obstruction from within the 
lumen. Even with advanced ly mphadenop- 
athv, bronchial obstruction from without, 
as a result of compression bv enlarged 
lymph nodes, is uncommon. Extrinsic 
bronchial obstruction has been described 
occasionally, but was not observed in 
our series. The occurrence of collapse should 
serve as an indication for further investiga- 
tion, using overpenetrated chest roentgeno- 
grams, laminagraphy, bronchography and 
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bronchoscopy (Fig. 4, 7—D). The broncho- 
gram reveals lesions characterized by sud- 
den and occasionally irregular tapering of 
the caliber of the bronchial lumen, leading 
to obstruction if involvement remains 
localized. In diffuse involvement there is 
marked and irregular thickening of the 
walls but gradual tapering to obstruction 
at a more distant level. The changes can be 
demonstrated in  overpenetrated chest 
roentgenograms which reveal the irregular 
encroachment on the lumen and the marked 
thickening of bronchial walls (Fig. 5, Z and 


b). 


2. SUBPLEURAL FORM 


The recognition of these lesions depends 
upon the demonstration by fluoroscopy and 
oblique spot roentgenography of their rela- 
tionship to the pleural surface. There are 
two types of lesions: (a) well-delineated 
subpleural plaques, and (b) circumscribed 
subpleural nodules. 

(a) /l'ell-Delineated Subpleural Plaques. 
Pathologically, these lesions originate with- 
in the subpleural lymphatic tissue and 
spread along the subpleural plane of the 
lung. These thick plaques of neoplastic tis- 
sue resemble roentgenologically areas of so- 
called localized pleural thickening. In con- 
trast to thickened pleura, however, the in- 
ner border of these lesions is irregular and 
serial examinations reveal gradual progres- 
sion (lig. 6, 4 and B). These lesions can 
occur in relationship to any pleural sur- 
face. Again, their early recognition depends 
upon the demonstration of their relation- 
ship to the pleura by tangential roentgeno- 
grams obtained during fluoroscopy. Such 
lesions show a sharply defined border 
against the pleura while the opposite border 
is poorly defined and lacks definition (Fig. 
7, A-E). 

(b) Circumscribed Subpleural Nodules. 
These lesions arise as the result of conflu- 
ence of foci commencing in the subpleural 
lymphatics with others originating from ad- 
jacent bronchovascular bundles. They jut 
into the marginal parenchyma and are well 
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Fic. 3. Bronchovascular infiltration by Hodgkin’s tissue. (A) Infiltration of subpleural interstitial septa. Patchy 
and ill-defined infiltration in the more centrally located parenchyma (corresponds to the bronchovascular 
expansion in B). (B) Lung: Extension of the infiltrate from interlobular septa combining with parenchymal 
consolidation and bronchovascular disease (H & EX25). (C) Bilateral infiltrates along bronchovascular 
bundles (early). (D) Same case 12 days later; confluence, overlap, and added pleural effusion obscure the 
discrete pattern seen in C. 
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hic. 4. Endobronchial Hodgkin's disease. (A) Bronchus: Endobronchial Hodgkin’s granuloma arising in trans- 
mural involvement of the bronchus and forming a papillomatous protrusion (H & EX 15). (B) Standard 
posteroanterior roentgenogram a few days after acute onset of respiratory distress reveals shift of heart and 
mediastinum toward the left and collapse of the left lower lobe. Subsequent bronchogram confirmed ob- 
struction of the left lower lobe bronchus by a localized endobronchial lesion. (C) Laminagram demonstrates 
a localized endobronchial nodule at the bifurcation of the right main stem bronchus. (D) Bronchographic 
appearance of a localized endobronchial lesion obstructing right main stem bronchus. 
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Fic. 5. The value of an overpenetrated roentgenogram in the demonstration of endobronchial lesions. (A) Diffuse 
bilateral infiltration of bronchovascular bundles is present. At the left base a diffuse, homogeneous density 
is the result of collapse of the lower lobe (see Fig. 5B). (B) Overpenetrated posteroanterior chest roentgeno- 
gram demonstrates the discontinuity in the air column of left lower lobe bronchus, indicating endobronchial 
involvement plus atelectasis beyond the obstruction. 


16.10.56 





Fıs. 6. Apical subpleural plaque. Massive involvement of the right lung. The extensive parenchymal changes 


are masked by pleural effusion. (4) Minimal thickening of the apical pleura on the left, with irregular 


margin at the level of second posterior interspace. (B) Eight months later—gradual centripetal spread of 
subpleural disease. 
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Fic. 7. Subpleural plaque. (A) Posteroanterior projection. This lesion shows a sharply defined border medially 
but is not defined elsewhere. (B) Lateral projection. The lesion is not apparent. (C, D and £) Increasing 
obliquity “profiles” the lesion and reveals its relationship to the pleura. 
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Fic. 8. Subpleural "nodules." (A) Subpleural “plaque” of Hodgkin's granuloma with small adjacent broncho- 
vascular lesions (H & EX15). (B) Circumscribed subpleural deposit in the right costodiaphragmatic 
sulcus. (C) A large, isolated, lobulated subpleural nodule, situated against the visceral pleura of the right 
upper lobe. (D) Multiple subpleural deposits are present bilaterally. The widened mediastinum resulted 
from involvement of mediastinal lymph nodes. The true relationship revealed at postmortem examination 
was not apparent in the standard posteroanterior projections (C and D). 


defined only if demonstrated in profile. 
They mav attain large size and the roent- 
genologic features, as seen in profile, in- 
clude a broad base at the pleura, sharp de- 
lineation against the adjacent air-contain- 
ing lung and a rounded, well lobulated bor- 
der, convex centrally. In the standard 
posteroanterior roentgenogram they will 


appear as ill-defined parenchymal densities 
and their nature and relation to the pleural 
surface will not be appreciated (Fig. 8, 4- 
D). Fisher e£ a7? described these foci as 
"discontinuous lesions" and made the 
interesting comment that their edges were 
blurred as if infiltration occurred intersti- 
tially. 
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3. MASSIVE (PNEUMONIC) FORM 


Confluence of lesions originating in all 
the sites described eventually leads to ex- 
tensive consolidation of the pulmonary 
parenchyma. Large conglomerated tumors, 
bronchial obstruction and vascular compli- 
cations and cavitation may occur (Fig. 9, 


D), 


ROENTGENOGRAPHIC OBSERVATIONS 
EXTRAPULMONARY INTRATHORACIC 
LESIONS 


since the lymphatic system of the thorax 
is considered as an anatomic and patho- 
logic unit, a description of the roentgeno- 
graphic features of involvement of other 
intrathoracic organs must be included. 
Most of these have been the subject of de- 
tailed studies before and will, therefore, be 
discussed briefly. Involvement of: (1) the 
mediastinal lymph nodes, (2) the pleura 
and (3) the diaphragm mav, of course, alter 
or obscure pulmonary manifestations. 


I. MEDIASTINAL AND HILAR LYMPH NODES 


The well known roentgenologic features 
of lymph node involvement require no fur- 
ther comment. We agree with the state- 
ment of Fisher ef a/.!" that enlargement of 
paratracheal lymph nodes constitutes an 
early sign. Simultaneous involvement of 
mediastinal, paratracheal and hilar lymph 
nodes is almost invariably present in cases 
presenting with Hodgkin’s disease of the 
lung. Involvement of the anterior medias- 
tinum, as described by Fleischner,? con- 
stitutes a connecting link between the com- 
mon type of mediastinal lymph node in- 
volvement and of subpleural extension as 
described in this paper. We agree that 
lateral projections with the roentgen-ray 
beam tangential to the anterior chest wall 
are indispensable in the assessment of such 
patients. Peirce e al. had emphasized this 
as early as 1936, but in spite of this work 
and of Fleischner and co-workers"?! excel- 
lent paper, this has not vet become gener- 
ally accepted. The practical importance in 
terms of roentgenologic assessment of intra- 
thoracic disease of anterior mediastinal ex- 
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tension 1s obvious and those interested are 
urged to read the paper by Fleischner e a/.2! 


2. PLEURA 


Pleural effusions rank among the most 
frequent intrathoracic manifestations of 
Hodgkin's disease and are almost invari- 
ably associated with involvement of intra- 
thoracic lymph nodes. The roentgenologic 
appearance requires no further comment. 
Massive etfusions frequently obscure other 
intrathoracic lesions. 


3. DIAPHRAGM 


Involvement of the diaphragm is the fea- 
ture commonlv omitted from discussions 
pertaining to intrathoracic Hodgkin's dis- 
ease and diseases of the diaphragm.? Onlv 
Peirce e al. mentioned the bizarre distor- 
tion of the diaphragm by subphrenic 
tumors. We assume that the disease proc- 
ess in these cases commences in the dia- 
phragmatic lymph nodes and can be seen 
with and without extension into adjacent 
lung and pleura. Pathologicallv, we could 
not confirm that it occurs as a “transdia- 
phragmatic spread from the liver," as re- 
cently stated. Roentgenologically, it 
should be possible to suspect diaphragmatic 
involvement if localized loss of diaphrag- 
matic contour occurs in absence of pleural 
etfusion or subpleural consolidation. Roent- 
genograms in the lateral decubitus position 
should be emploved for assessment of such 
patients. We found no record of investiga- 
tion of diaphragmatic mobility in our cases. 
Such studies, it may be added, may aid in 
the differential diagnosis (in particular, if 
cineroentgenograph y is employed). 

From the foregoing, it is apparent that 
the accurate interpretation of the several 
thoracic roentgenographic appearances of 
Hodgkin's disease is founded on a knowl- 
edge of the underlving lesions and the 
anatomy of the lymphoreticular tissues 
within the lungs themselves. 


DISCUSSION 


The existence of Hodgkin's disease in the 
lung has long been attributed to the exten- 
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Fic. 9. Massive pulmonary consolidation by Hodgkin's disease. (A) Massive involvement of left lung with ex- 
tensive fibrosis with loss of volume following radiation therapy. On the right, there was obstruction of the 
main pulmonary artery to the lower lobe. The infarcted right lower lobe was diffusely involved by Hodg- 
kin's disease. Associated pleural effusion obscures the area of destruction of the diaphragm. (B) Subtotal and 
total consolidation of the parenchyma by Hodgkin’s granuloma. (C) Lung: Consolidation and destruction of 
the parenchyma with extension to the adjacent lobule (H & E25). (D) Cavitation within lung consoli- 
dated by Hodgkin's disease. 
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sion. of the process from the involved 
mediastinal and bronchial lv mph | nodes. 
Undoubtedly, this may occur, but closer 
inspection of the situation shows that it is 
by no means the only explanation. Versé? 
recognized this in writing that ""Medias- 
tinal spread after all is not so common if 
one considers only those cases with true ex- 
tension and excludes those which show only 
encroachment and pressure upon the adja- 
cent lung.” Direct spread from the medias- 
tinum was unusual in the present series. 
Concomitant with "spread" to the lung is 
"spread" within the lung. Hartfall?® ac- 
cepted the contention that the spread is 
embolic and the finding of distended lym- 
phatics and narrowed blood vessels filled 
with Hodgkin's granulomatous tissue would 
lead us to agree that this is a real entity. 
Moolten*® underlined the spread by way of 
natural air passages with the “‘organiza- 
tion" of exudates in the bronchi and alveoli. 
Hoster ef al.* explained that, while spread 
from the hilar lymph nodes could be direct, 
it may also embolize in peribronchial lym- 
phatics and in blood vessels. In this way 
miliary distribution in the lungs could oc- 
cur. Wolpaw e a/.? include all these possi- 
bilities and direct attention to the de novo 
origin in pre-existing lymphatic tissue in 
the lung. 

Further understanding of the pathogene- 
sis may be gained by considering the multi- 
centric distribution of the lesions. This can 
be accounted for on two grounds—the 
routes of spread and the origin of the 
Hodgkin’s deposits in the normally existing 
lymphoid tissue of the lung itself. As has 
been previously mentioned, Miller? has 
clearly defined the distribution of these 
tissues, but this concept of the beginnings 
of the disease primarily in the lung was 
mentioned in 1920 in Wessler and Greene’s™ 
report, and it has been restated bv Hart- 
fall? Falconer and Leonard, Hoster e 
al.,** Wolpaw et a/. and, most recently, by 
Kern and his group.?? 

Excluded from our series of cases with 
pulmonary Hodgkin’s disease was one case 
of generalized disease in which the lungs 
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escaped involvement, and in which a sub- 
pleural nodule, seen on roentgenograms, 
proved to be a large, wedge-shaped, lym- 
phoid aggregate, based on the subpleural 
tissues. Greenberg”! has recently described 
a subpleural deposit of benign, hyperplastic 
lymphoid tissue which appeared as a coin 
lesion on the pulmonary roentgenogram. 
Even more relevant is the description of 
Brandes e£ a/.’ in 1943 of the case in which 
bronchial obstruction and pulmonary em- 
physema resulted from a benign hyper- 
plasia of pulmonary lymphoid tissue which 
extended to the point of producing endo- 
bronchial polypoid lesions and subpleural 
nodules. Such creation of a benign counter- 
part of the lesion in Hodgkin’s and the 
other lymphomatous diseases in the lung 
also suggests that these effects on the lungs 
are not necessarily due entirely to the pred- 
atory nature of the neoplasm, but may well 
represent a response of the lung to any such 
expansile and infiltrative process engen- 
dered by tissues which are an integral part 
of its structure. The autochthonous nature 
of Hodgkin’s disease in the lung, postulated 
by Wessler and Green, is now well 
founded. It follows from the experience of 
previous authors and our own that the 
spread of Hodgkin’s disease to the lung 
from the mediastinal lymph nodes is not 
only unusual, but that cases which have 
been interpreted as such are often exam- 
ples of mediastinal extension of the disease 
originating in the mediastinal visceral 
pleura. 

The involvement of the lungs in Hodg- 
kin’s disease may occur early or late in the 
clinical course but reports indicating that 
60 per cent of parenchymal lesions occur 
within the first 2 years concur with the 
trends in the present study. It is not neces- 
sarily a manifestation of the last quarter of 
the survival period.’ Indeed, some lesions 
progress slowly over months or vears while 
others advance rapidly. The former, the 
more common type, are local lesions while 
the latter are widespread or generalized. 
The striking differences in the outlook of 
the local and the general types of the dis- 
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ease point up the necessity of differentiat- 
ing the two. 

Already implied is the prevalence of the 
localized form over the generalized. The 
local form, limited to one segment, may ap- 
pear in one or both lungs and the separate 
lesions tend to progress independently of 
each other and of disease in the bronchial 
and mediastinal lymph nodes or other sites 
of involvement. Furthermore, the indi- 
vidual pulmonary lesions may well respond 
differently to treatment. Local lesions fre- 
quently start in subpleural lymphatic tis- 
sues and this distinctive form, already well 
known to morphologists, has not been given 
the recognition by radiologists that it de- 
serves. The endobronchial type 1s a second 
form of local disease, and contrary to some 
reports! 195597 ig not rare in this series. All 
of the types previously mentioned may oc- 
cur locally and each may be found alone or 
in combination with others. In due course 
local lesions may progress to destroy the 
entire lung while the opposite lung and 
mediastinal lymph nodes remain unaf- 
fected. In keeping with the biologic be- 
havior of localized lesions elsewhere, there 
is no relationship between the extent of the 
pulmonary involvement and the involve- 
ment of and the rate of spread in other tis- 
sues. Similarly, the slow progress of local 
lesions in the lungs and their good response 
to radiation treatment endow them with a 
relatively good prognosis. The significance 
of their early identification would seem 
self evident. 

Generalized pulmonary Hodgkin’s lesions 
constitute a poor prognosis. While they 
may result from the coalescence of numbers 
of localized forms, they usually go unrecog- 
nized until they become apparent suddenly 
as a homogeneous infiltration which spreads 
at a brisk or sometimes an explosive rate. 
Bilateral involvement tends to grow sym- 
metrically. It is the differential rate of 
spread between the two lungs which offers 
the best guide to the distinction of localized 
disease from the generalized and this fea- 
ture must be commented upon in the 
roentgenologic report. Irradiation has 
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proven eminently successful in local disease 
but ineffectual in the generalized lesions. 
The latter, being a form of svstemic dis- 
ease, might be expected to respond to the 
treatments emploved against systemic dis- 
ease. 

The high incidence of pleural effusions in 
previously reported studies and in the 
present series presents a practical problem 
in the management of these cases. They 
may develop at anv stage and are not ob- 
served in the absence of mediastinal or 
pleural disease, occurring predominantly, 
however, 1n association with mediastinal 
lymph node involvement. We assume, 
therefore, that pleural effusions are the 
result of lymphatic obstruction, which may 
occur either centrally or peripherally. In 
this series pleural effusions were found in all 
patients in whom the mediastinal lymph 
nodes were involved, while it was found in 
only 12 patients with pleural involvement 
as such. Central lymphatic obstruction 1s 
considered, therefore, to be the commonest 
mechanism in the formation of pleural 
effusion, and treatment of these effusions 
by irradiation of the centrally located 
lymph nodes may be possible consequently. 

The identification of deposits of Hodg- 
kin’s disease in the myocardium of 3 cases 
in this series conforms to the observations 
of Smith eż al.’ and Falconer and Leonard," 
and does not substantiate Hagans’*® claim 
that it is rare. Similarly, diaphragmatic 
lesions have escaped the emphasis deserved 
by their prevalence in this series. Both sites 
of infiltration occur with sufficient fre- 
quency to warrant their consideration. 


DIFFERENTIAL DIAGNOSIS 


A detailed discussion of the differential 
diagnosis of intrathoracic Hodgkin’s disease 
is beyond the scope of this presentation. 
Variables in the roentgenologic appearance 
are introduced by the duration of the dis- 
ease, the rate of spread, and type of treat- 
ment, as well as by antecedent conditions 
and late complications. All these factors, of 
course, affect the roentgenologic appear- 
ance and must be accounted for in the as- 
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TABLE IV 
EXTRATHORACIC ORGANS INVOLVED BY 
HODGKIN’S DISEASE 
No. of 
Patients 

Lymph Nodes (extrathoracic) 47 
Spleen 31 
Liver 30 
Bone 16 
Gastrointestinal Tract 12 

Stomach Only $ 

Small Intestine Only I 

Large Intestine Only 2 

Combination 6 
Genitourinary Tract IO 

kidney Only 7 

kidney and Bladder I 

Bladder and Ureter I 

Epididymis I 
Central Nervous System 4 

Brain 3 

Spinal Cord (extradural) I 
Adrenals 6 
Pancreas 4 
Skin 2 
Omentum 2 
Thyroid I 
Ovaries I 
Inferior Vena Cava I 


sessment of the disease process as well as in 
considering the differential diagnosis.?? 
Those conditions which we have found as- 
sociated with intrathoracic manifestations 
at autopsy are listed in Table 1v. In addi- 
tion to such well known “coincidental dis- 
eases"^ as bacterial pneumonia, tuberculo- 
sis, and fungus diseases,’ especially after 
treatment with corticosteroids,” there are 
the manifestations of vascular complica- 
tions and of entities not too well docu- 
mented, such as endogenous cholesterol 
pneumonitis. Both may be responsible for 
subpleural parenchymal consolidation and 
pleural complications and may resemble 
pulmonary Hodgkin’s disease in many of 
its important phases.?»?5 

Cholesterol pneumonitis occurs in associ- 
ation with bronchial obstruction and radia- 
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tion therapy.» Tt may mimic Hodgkin's 
disease as well as other intrathoracic neo- 
plasms.?0.47,59 

The frequent occurrence of vascular com- 
plications is explained on the basis of the 
close anatomic association of those struc- 
tures forming the bronchovascular bundle. 
Compression of pulmonary veins by en- 
larged lymph nodes may lead to formation 
of pulmonary edema and pulmonary paren- 
chymal foci may be obscured. 

Subpleural lymph node hyperplasia, de- 
scribed by Greenberg,” may resemble sub- 
pleural Hodgkin's disease by virtue of its 
location and pathogenesis. Primary and 
secondary tumors of the lung and pleura 
may pose problems in differential diagnosis. 
Detailed assessment of all intrathoracic 
structures is necessary in these cases. 
Demonstration of a combination of lymph 
node involvement with subpleural and 
endobronchial disease is not a feature of 
either. primary carcinoma, lymphosar- 
coma,*??^9?! or metastatic tumors and 
should permit differentiation of Hodgkin’s 
disease from other intrathoracic neoplasms. 
The bronchogram may be of considerable 
help in the differentiation between Hodg- 
kin’s disease and primary lymphosarcoma 
of the lung. Endobronchial Hodgkin’s dis- 
ease 1s often found in centrally located 
bronchi, whereas in primary lymphosar- 
coma, involvement commences in small 
peripheral branches and proceeds centrally. 
Contrary to obstruction and atelectasis in 
Hodgkin’s disease, there is displacement 
and stretching in primary lymphosarcoma. 
Submucous infiltration may simulate 
changes seen in chronic bronchitis. Ob- 
struction of the bronchial lumen in lympho- 
sarcoma is rare.’ 

Radiation changes occurring in previ- 
ously unaffected lung, or alterations in 
Hodgkin’s tissue after radiation therapy, 
present a formidable problem in the differ- 
ential diagnosis and occupy a special posi- 
tion.” They will be discussed in a separate 
communication. The spontaneous fibrosis 
which occurs in Hodgkin’s disease, as part 
of the host reaction, does not evoke roent- 
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genologic manifestations of loss of volume, 
such as progressive scoliosis, loss of inter- 
costal spacing or mediastinal displacement. 
Untreated Hodgkin's disease has not been 
observed to cause compensatory emphy- 
sema, bronchiectasis or bronchiolectasis. 


SUMMARY 


1. In this study roentgenographic find- 
ings were correlated with the lesions in the 
lung as found at autopsy in 50 cases of 
Hodgkin’s disease. 

2. Pulmonary Hodgkin’s disease is classi- 
fied as: (a) bronchovascular; (b) subpleural; 
and (c) massive. 

3. The bronchovascular bundle is the 
structure most frequently involved with 
disease predominating in either the inter- 
stitial or endobronchial tissues. 

4. Outstanding among the localized 
manifestations is subpleural involvement in 
the form of plaques or lymph nodes. This 
feature has not been previously described. 

c. With progression of disease the con- 
fluence of lesions arising in different areas 
can lead to consolidation of the pulmonary 
parenchyma. 

6. Endobronchial disease leading to ate- 
lectasis occurs frequently. 

7. As part of severe systemic involve- 
ment, the disease, when affecting the lungs, 
does so bilaterally and the rate of spread is 
usually equal on both sides. On the other 
hand, it may occur as a localized lesion with 
a rate of spread independent of other foci in 
the lungs or elsewhere. 

8. The high incidence of pulmonary in- 
volvement makes imperative the early 
recognition and localization of lesions so 
that appropriate treatment may be given. 

9. Bronchography is advocated to detect 
and localize endobronchial disease. The 
regular use of fluoroscopv and oblique spot 
roentgenography is essential for recogniz- 
ing the relationship of subpleural lesions to 
the pleural surface. 

10. Ín the differential diagnosis, specific 
attention is drawn to those changes which 
occur as a result of vascular complications 
and radiation therapy. 
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I1. It is emphasized that fibrosis, as seen 
after irradiation, and the attendant com- 
plications, such as emphysema and bron- 
chiectasis, are not a feature of untreated 
Hodgkin's disease. 


H. O. Stolberg 

Department of Diagnostic Radiology 
Sunnybrock Hospital 

Toronto 12, Ontario, Canada 
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DISSEMINATED HERPES ZOSTER IN THE 
RETICULOSES* 


By A. D. DAYAN, B.Sc., M.B., M.R.C.P., H. G. MORGAN, M.A., M.B., M.R.C.P., 
H. F. HOPE-STONE, M.B., F.F.R., and B. J. BOUCHER, B.Sc., M.B., M.R.C.P. 


LONDON, ENGLAND 


LTHOUGH the incidence of herpes 


zoster in the general population is not 
accurately known, it is thought to occur 
more commonly in the course of malignant 
disease and the reticuloses?®™’!:3? and to be- 
come generalized more often in association 
with these conditions.* 

This paper records 4 cases of generalized 
herpes zos:.r in patients already suffering 
from a re..culosis. In Case 11 it occurred 
twice and in Cases 1 and 11 it was fatal. A 
full autopsy was performed on Case 1, re- 
vealing unusually extensive involvement 
of the nervous system; a new fluorescent 
antibody method was employed to confirm 
the diagnosis postmortem. 


REPORT OF CASES 


Case 1. A housewife, aged 26, (L.H. No. 
40265/52) presented in 1952 with lymphaden- 
opathy shown on biopsy to be due to Hodg- 
kin’s disease. After deep roentgen therapy, she 
remained well until 1958 when lymph node en- 
largement recurred. She received several fur- 
ther courses of roentgen treatment, cytotoxic 
drugs and steroids. In August, 1962 a herpes 
zoster eruption developed in the left sixth and 
seventh thoracic dermatomes. At this time she 
had a normal white blood cell count (8,400/cu. 
mm.) and plasma proteins (total 5.2 gm./100 
ml.; albumin 3.0 gm., globulin 2.2 gm.), and a 
normal electrophoretic pattern. She was re- 
ceiving oral prednisone § mg. twice a day. 
After 10 days the eruption became generalized 
as centripetal, umbilicated vesicles up to 2X1 
cm. in diameter (Fig. 1). Despite supportive 
treatment the rash extended and became 
hemorrhagic, and, after 4 days, the patient 
collapsed and died. 

Necropsy (performed by Dr. E. D. Williams). 
The body was that of a wasted woman with a 
dense, ulcerated and often hemorrhagic rash in 
a centripetal distribution, with a few vesicles 





Hig. 1. Case 1. Clinical appearance showing 
original zona and generalized eruption. 


on the palms and soles. There was an ulcerated, 
hemorrhagic band in the left T6 and T7 
dermatomes extending around the chest wall. 
Many small ulcers with red bases were found in 
the rectum and vagina. The lungs were edem- 
atous and contained hemorrhagic foci up to 0.8 
cm. in diameter and firm gray plaques up to 4 
cm. in diameter. There were punctate hemor- 
rhages in the adrenals. The liver appeared 
normal apart from coarse scarring of its right 
lobe. The spleen was firm and enlarged (240 
gm.), but no lesions were seen on its cut surface. 
The celiac and paratracheal lymph nodes were 
enlarged and matted. There was slight venous 
congestion of the brain. The spinal cord showed 
intense congestion from the T2 to T7 segments, 
most marked in the region of the posterior 
horns. The left T$ and T6 posterior root 
ganglia were normal in size, but deep purple in 
color. The corresponding roots appeared 
normal. 

Microscopic Findings. Foci of Hodgkin's 
disease and fibrosis were present in the lungs, 
liver, lymph nodes and bone marrow (Fig. 2). 
The skin lesions showed the changes of varicella, 
with degeneration of epidermal cells leading to 
the formation of vesicles (Fig. 3) containing 
edema fluid and multinucleate giant cells. The 


* From the Bernhard Baron Institute of Pathology and the Departments of Neurology, Radiotherapy, and Medicine, The London 


Hospital, London, England. 
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Fic. 2. 


nuclei of many epidermal cells near the vesicles 
contained acidophilic inclusions (Fig. 4), 4-5 
mm. in diameter, separated from the nuclear 
membrane by a clear halo. In the dermis there 
were extravasated red blood cells, but almost no 
inflammatory infiltration. Scattered focal 
hemorrhagic necroses were present in the lungs, 
liver, spleen, bone marrow and cortex of both 
adrenals. A few cells on the borders of these le- 
sions contained acidophilic intranuclear inclu- 
sions. There were extravasated red blood cells 
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in lymph node (H. & E.» 180). 


but no inflammatory infiltration around the 
necrotic areas. No inclusion bodies or necrotic 
areas were seen 1n Hodgkin's tissue at any site. 

No abnormality was found in the brain. The 
spinal cord showed a small area of bland necro- 
sis in the right funiculus gracilis at the level of 
the eighth cervical segment, and marked con- 
gestion of the vessels in the gray matter of the 
upper thoracic segments. In the left sixth and 
seventh thoracic posterior root ganglia, almost 
all cells had been destroyed and replaced by 





Fic. 3. Case 1. Vesicle in skin showing reticular degeneration of epidermis (H. & E.» 125). 
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Fic. 4. Case 1. Intranuclear inclusions in epidermal cells (H. & E.X 850). 


collagen (Fig. 5). Only a few damaged neurones 
survived in the left fifth thoracic ganglion 
which had also been largely replaced by col- 
lagen. Occasional degenerating neurones were 
seen in the left third and eighth posterior 
ganglia, and less commonly in other ganglia as 
high as the level of the third cervical segment 
on the left. There was a moderate number of 
dead neurones and capsule cells in the right 
sixth and seventh thoracic posterior root 


ganglia. No changes were seen in sections of 
ganglia of other thoracic and lumbar roots from 
both sides. There was no inflammatory reac- 
tion to the necrotic areas. Acidophilic intra- 
nuclear inclusions were found in some of the sur- 
viving capsule cells in affected areas (Fig. 6), 
but were not seen in neurones anywhere. 
Virologic Studies. Using antigen extracted 
from a sample of the patient’s skin removed at 
postmortem examination, a positive precipita- 





Fic. 5. Case 1. Left sixth thoracic posterior root ganglion showing marked loss of neurones (H. & E. X19). 
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lic. 6. Case 1. Intranuclear inclusions in satellite cells of left eighth cervical posterior 
root ganglion (H. & E. 800), 


tion reaction was obtained against varicella 
immune serum in a gel diffusion test using the 
method of Taylor-Robinson and Downie.? 
Attempts to grow the virus from autopsy 
specimens of lung, skin and spleen in tissue cul- 
tures of chick chorio-allantoic membrane and 
human amnion cells failed. 

A portion of the lung removed for virus 
studies was stored at — 70° C. and toy cryostat 
sections were cut later. These sections showed 
positive fluorescence of the intranuclear inclu- 
sion bodies by a sancwich technique in which 
the sections were exposed to immune human 
sera from cases of chicken pox and herpes 
zoster, and after washing to fluorescent, rabbit 
antihuman gamma globulin.? Controls using 
sera from patients who had neither disease were 
negative. 


Case 11. (L.H. No. 42805/49). A 27 year old 
woman was found by biopsy in 1954 to have 
lymphosarcoma involving the right parotid 
region. During the next 5 years, she received 
deep roentgen therapy to various areas in the 
neck and thorax. In October, 1959 she devel- 
oped herpes zoster involving the maxillary divi- 
sion of the right trigeminal nerve and also had 
some vesicles on the chest and arms. Within 
a few days, the rash became generalized and 
painful. She was given antibiotics at first. 
Later, thrombocytopenia developed, possibly 


as a reaction to the chloramphenicol which she 
was taking, and she was started on small doses 
of prednisone. After a complete recovery, the 
patient remained well until June, 1963 when 
further irradiation (2,000 r at 250 kv.) was 
given to a deposit of the reticulosis in the 
twelfth thoracic vertebra. One month later ex- 
ceptionally severe, ulcerating herpes zoster oc- 
curred in the distribution of the twelfth thoracic 
nerve on the left (Fig. 7). She continued to take 
prednisone (2.5 mg. three times daily) during 
the attack and it healed slowly leaving con. 
siderable scarring. 


Case i. (L.H. No. 044511). A 38 year old 
woman who had suffered from multiple sclero- 
sis for 9 years was found, in 1957, to have tuber- 
culosis of che cervical lymph nodes. Despite 
chemotherapy the lymph nodes again became 
enlarged and, in 1958, a further biopsy showed 
Hodgkin's disease. During the next 2 years 
this was treated by deep roentgen therapy. 
Subsequently, Hodgkin's disease became ap. 
parent in the chest and abdomen and she be- 
came hypotensive and developed brown pig- 
mentation of the palms and soles and of the 
buccal mucosa. A clinical diagnosis was made of 
Addison's disease and cortisone and fluorocor- 
tisone were started. Intravenous nitrogen 
mustard and further irradiation to the abdo- 
men were given. The diagnosis of adrenal fail- 
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ure was not confirmed by biochemical in- 
vestigations which showed the urinary 17 keto- 
sterolds to be 2.8 mg./24 hr. and the 17 keto- 
genic steroids to be 7.1 mg./24 hr. as measured 
by the method of Noi mberski eż al. Almost 2 
months later she developed a herpes zoster 
eruption in the distribution of the left second 
and third lumbar nerve roots while still taking 
cortisone 12.5 mg. daily. At this time her white 
blood cell count was 14,600/cu. mm. with a 
normal differential count and her pas pro- 
teins totaled 5.9 gm./100 ml. (albumin 3.3 gm., 
globulin 2.6 gm.). Five days later the eruption 
uide generalized and she died 24 hours 
later. Autopsy permission was not obtained. 


Case 1v. (L.H. No. 100694). This 51 year old 
man presented in 1960 with generalized lymph- 
adenopathy due to lymphosarcoma. He re- 
ceived deep roentgen therapy (2,000 r at 250 
kv.) to the groins and axillae. Similar doses 
were given for recurrent involvement of lymph 
nodes in the following year and in January and 
August, 1963. In September, 1963 a hemor- 
rhagic herpes zoster eruption occurred over 
the right ribs in the distribution of the ninth 
thoracic root and soon became generalized. His 
white blood cell count was 3,300/cu.mm. with 
a normal differential count and the plasma pro- 
teins totaled 7.2 gm./100 ml. (albumin 4.8 gm., 
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globulin 2.4 gm.) with a normal electrophoretic 
pattern. The vesicles slowly crusted over and 
healed leaving little scarring. At no time had 
this patient received steroid or ACTH treat- 
ment. 


DISCUSSION 


The work of Cheatham eż al." and of 
Taylor-Robinson and Downie” has shown 
that a single virus causes chicken pox and 
herpes zoster. They reported that a viral 
antigen can be extracted from the lesions 
of either herpes zoster or chicken pox which 
will give specific immunologically identical 
reactions in gel diffusion tests or comple- 
ment fixation tests against 1mmune sera 
from patients suffering from either disease. 
In Case 1 this test was positive using anti- 
gen extracted from skin, but not from lung 
or spleen. The virus was demonstrated in 
the lung of the same patient by a fluores- 
cent antibody technique which has been 
employed to localize herpes zoster virus in 
tissue culture experiments,?? but has not, to 
our knowledge, been used previously on 
human lesions of herpes zoster for diagnos- 
tic purposes. 

The pathologic changes in the nervous 





7. Case 11. Appearance of ulcerated herpes zoster. 
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system, skin, lungs and other organs in 
Case r are similar to those described in un- 
complicated cases of herpes zoster! :?° and 
in varicella,? apart from the very extensive 
involvement of posterior root ganglia and 
the absence of any inflammatory reaction. 
These unusual features may be related to 
the treatment with chlorambucil and corti- 
costeroids and radiation therapy which is 
discussed below. There are few reports of 
the occurrence of inclusion bodies in cells of 
the central nervous system,® and it is rare 
for them to be so widely distributed as in 
this case. 

Herpes zoster has been recorded in 0.22 
per cent of patients with non-neoplastic 
diseases? and the reported frequency in the 
reticuloses ranges from 4 to 13 per cent.! ?^? 
Among $0 patients with Hodgkin's disease 
attending The London Hospital, herpes 
zoster has occurred in 6, an incidence of 12 
per cent. Generalized dissemination is also 
more common in the reticuloses; a wide- 
spread varicelliform eruption having been 
reported in § per cent of cases of herpes 
zoster complicating Hodgkin's disease?? but 
in onlv 2 per cent of those occurring in 
otherwise normal people.* 

The increased incidence of infection by 
herpes zoster virus in the reticuloses is 
probably due to depression of the patient's 
immunity, which renders him more liable to 
fresh infections or to reactivation of a latent 
virus. In all cases of the present series, 
there was clinical evidence of activitv of 
the reticulosis when the attack of herpes 
zoster occurred. It is known that the produc- 
tion of circulating antibodies may be defec- 
tive 1n these conditions, that secondary 
hypogammaglobulinemia may occur,? and 
that there may be failure of cell bound anti- 
body mechanisms causing, for example, de- 
laved hypersensitivitv and homograft re- 
jection.» [n addition, the therapeutic use 
of irradiation, corticosteroids and cvtotoxic 
drugs may also hinder cellular immune 
mechanisms and the production of circulat- 
ing antibodies. In the present series, the ap- 
parent effect of corticosteroids was vari- 
able. Cases I and 111 were receiving steroids 
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when they developed herpes zoster, but 
Case r1 was not, during her first generalized 
attack, although she was taking prednisone 
2.5 mg. daily during the onset and healing 
phases cf her second, localized infection. 
Case 1v had never had steroid treatment. 

In the literature there 1s a similar conflict 
of evidence about the role of corticosteroids 
in the development of generalized dissemi- 
nation of virus infections in man. There 
have been many reports of herpes zoster 
apparently made worse by steroids,19:15:15.26 
although others have used them with vari- 
able success as a treatment intended to re- 
duce scarring and postherpetic neural- 
g1a.^ 121417 There has been only one attempt 
to assess the results of steroid treatment in 
ophthalmic herpes zoster by a controlled 
trial? and further evaluation of the thera- 
peutic effectiveness is required. 

It has long been known that there is an 
association between local infiltration or in- 
volvement of a nerve root by tumor and the 
development of herpes zoster in its area of 
distribution.»?925?5 Case rr showed this 
effect in her second attack which occurred 
in the twelfth thoracic dermatome when the 
corresponding vertebra had just been irra- 
diated because of involvement by lympho- 
sarcoma. The cause of this association is 
unknown but it could represent either ac- 
tivation of a latent infection in the posterior 
root ganglion, or, increased susceptibility of 
the affected neurones due to local tumor or 
local treatment, e.g., by irradiation. 

As there is an ever increasing number of 
case reports of serious and sometimes fatal 
herpes zoster infections in patients receiv- 
ing combinations of steroids with cytotoxic 
drugs or radiation therapy,!?:?*?9 such com- 
binations should be avoided as far as possi- 
ble and patients receiving them should not 
be exposed to cases of chicken pox or herpes 
zoster. Pinkel eż al.™* have reported tempo- 
rarily beneficial effects from using pooled 
human gamma globulin for the treatment 
of hemorrhagic varicella in children suffer- 
ing from leukemia who were receiving pred- 
nisone and 6-mercaptopurine. In future 
cases with herpes zoster, gamma globulin 
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could well be tried and also the new anti- 
viral drug N-methylisatin thiosemicarba- 
zone (Burroughs Wellcome 33T 57) which 
has sometimes been used successfully for 
the treatment of vaccinia gangrenosa.*!” 


SUMMARY 


1. Four cases of generalized herpes zos- 
ter in patients suffering from a reticulosis 
are described. In 2 cases the herpes zoster 
was fatal and in 1 of them a full postmortem 
examination was performed. There was un- 
usually extensive involvement of the pos- 
terior root ganglia by herpes zoster virus. 

2. The virus was identified by immuno- 
logic tests performed on tissue extracts and 
by a new fluorescent antibody technique 
applicable to tissue sections. l 

3. The increased incidence of herpes zos- 
ter in cases of the reticuloses is thought to 
be due to depression of the patient's im- 
munity by the disease and by concurrent 
treatment with cytotoxic drugs and corti- 
costeroids. 


A. D. Dayan, M.R.C.P. 

Bernhard Baron Institute of Pathology 
The London Hospital 

London, E. 1, England 
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TWO MEV. WIDE FIELD IRRADIATION 
OF LYMPHOMA* 
TWELVE YEAR EXPERIENCE 


By FERDINAND A. SALZMAN, M.D., MAGNUS I. SMEDAL, M.D., 
KENNETH A. WRIGHT, M.S., and JOHN G. TRUMP, D.Sc. 


BOSTON AND CAMBRIDGE, MASSACHUSETTS 


N 'THIS report a review of the experi- 

ence with a radiotherapeutic approach to 
glandular lymphoma made possible by the 
availability of 2 mev. radiation is given. 
The plan, instituted in 1920 and continued 
largely unchanged to the present, entails 
the principle of irradiating all the lymph 
node stations either above or below the dia- 
phragm by a single large field (appropri- 
ately shaped to exclude uninvolved tissues) 
whenever one or more lymph node sites are 
involved in either region. 


CLINICAL MATERIAL AND METHOD 


The clinical material under review con- 
sists of 117 patients with initial glandular 
lymphoma seen during the period 1950- 
1959 inclusive. Belonging to the lymphoma 
family, but excluded here, are mycosis 
fungoides (194 patients) and specific lym- 
phoma that began in the skin (48 patients). 
The disease in these two groups was 
treated initially and almost. exclusively 
with low megavolt electrons, and it pursues 
an entirely different clinical course, even 
though it frequently terminates as a gen- 
eralized glandular and visceral lymphoma- 
tous process. Twenty-seven patients with 
recurrent disease when first seen by us also 
are excluded from this study. 

Histologic Distribution. The clinical ma- 
terial consisted of 7 histologic groups 
(Table 1). Hodgkin’s disease, with 58 
patients, constituted almost 50 per cent of 
the total group of primary cases. Lympho- 
sarcoma and macrofollicular lymphoma 
were the next most common, and com- 


TABLE I 


LYMPHOMA TREATED BY 2 MEV. 
WIDE FIELD IRRADIATION 
HISTOLOGIC DISTRIBUTION (1950-1959) 
HIGH VOLTAGE RESEARCH LABORATORY 
M.I.T.—LAHEY CLINIC 








Primary Secondary 

Cases Cases* 
Hodgkin's disease 58 18 
Lymphosarcoma 18 3 
Macrofollicular lymphoma 16 3 
Reticulum cell sarcoma 8 I 
Lymphocytoma 8 O 
Lymphoma, type not specified 5 O 
Compound lymphoma 4 2 

117 27 








* Patients with recurrent disease seen for first time. 


prised approximately 57 per cent of the 
non-Hodgkin’s lymphomas. Because of the 
relatively small numbers involved, all of 
the cases without Hodgkin’s disease are 
considered as a group in certain evalua- 
tions despite marked differences in severity 
and longevity among the individual cell 
types. Four patients had compound lymph- 
omas, with the following specific histologic 
combinations: “lymphocytoma with foci of 
macrofollicular lymphoma" in 2 patients; 
“reticulum cell sarcoma with foci of 
lymphosarcoma” in 1 patient, and “macro- 
follicular lymphoma with areas merging 
into lymphosarcoma” in 1 patient. 

Age and Sex Distribution. Males predomi- 
nated in the entire series of primary cases 
(Table 11). In Hodgkin's disease, the ratio 


* From the Department of Radiology, Lahey Clinic, Boston, Massachusetts, and High Voltage Research Laboratory, Department o 
Electrical Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts. 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11 
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of males to females was 37:21 and in the 
group without Hodgkin's disease the ratio 
was almost identical, 37:22. Male predomi- 
nance of about 5:3 was present in each 
clinical stage of patients with Hodgkin's 
disease. In lymphosarcoma and macrofollic- 
ular lymphoma, males exceeded females 
by 5:4. In the group with Hodgkin’s dis- 
ease the average age was younger for both 
sexes (females 32 years, males 41 years) 
than in the heterogenous non-Hodgkin's 
group (females 43 years, males $1 years). 
There was no concentration of specific age 
groups in any of the types among the pa- 
tients without Hodgkin's disease. 

Site Distribution. The most common site 
of initial involvement was the cervical 
lymphatic chain (Table 111). Hodgkin's dis- 
ease accounted for 44 of the 77 patients 
with cervical involvement, 16 of the 38 pa- 
tients with axillary involvement and 30 of 
the 38 patients with mediastinal involve- 
ment. Initial involvement was above the 
diaphragm in 39 (67 per cent) of the 58 pa- 
tients with Hodgkin's disease, in contrast 
to 3 patients with only infradiaphragmatic 
disease. Both regions were involved in 16 
patients (Table rv). In the entire lymphoma 
series, the initial involvement was localized 
to the supradiaphragmatic region in 65 pa- 


TABLE II 


2 MEV. WIDE FIELD IRRADIATION OF LYMPHOMA 
AGE AND SEX DISTRIBUTION 
I17 PATIENTS (1950-1959) 





All Other 
Lymphomas 





Hodgkin's 
Disease 


Sex Distribution 
Male 


Female 


37 patients 
22 patients 


37 patients 
21 patients 


Age Distribution 
Range—male and 


female 13-72 years 12-81 years 
Average age 

Male 41 SI 

Female 39 43 
Median age 

Male 44 Lv 

Female 29 42 
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B. Other Sites 


TABLE III 


LYMPHOMA TREATED BY 2 MEV. 
WIDE FIELD IRRADIATION 
DISTRIBUTION BY SITE OF DISEASE 
AT FIRST TREATMENT 
117 PATIENTS (1950-1949) 








Bi- 


lateral 


No. of 
Cases 


Site Right Left 





A. Lymph Nodes 
Cervica. 
Axillary 
Mediastinal 
Abdominal 
Inguina. 
Epitrochlear 
Popliteal 
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. of Cases 





Spleen I 
Skin and subcutaneous tissues 

Liver 
Stomach 
Tonsil 

Bone 

Bone marrow 
Pleura 
Nasopharynx 
Ovary 
Pancreas 
Parotid 
Pulmonary 
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tients, the disease was localized to the infra- 
diaphragmatic region in 18, and present in 
both regions in 34 patients. 

Two Mev. Treatment Plan. All patients 
with primary lymphoma were treated by a 
2 mev. Van de Graaff electrostatic x-ray 
generator, at the clinical facility of the 
High Voltage Research Laboratory of the 
Department of Electrical Engineering, 
Massachusetts Institute of Technology. 
The treatment plan entails the concept of 
considering whether the patient belongs to 
a so-called upper lymphoma or a lower 
lymphoma category. The upper lymphoma 
category :mplies that all the disease lies 
above the diaphragm and these patients 
can, therefore, be treated by two opposing 
large fields which typically encompass the 




















` y * 
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Tase IV 
REGIONAL SITE OF INITIAL INVOLVEMENT 
LYMPHOMA (1950-1959) 
REGION DEMARCATED BY DIAPHRAGM 
Above Below Both 
No. of Patients No. of Patients No. of Patients 
Hodgkin's disease 39 3 16 
Lymphosarcoma LI 6 1 
Macrofollicular lymphoma 9 2 5 
Reticulum cell sarcoma 3 4 J 
Lymphocytoma 3 I 4 
Type not specified O 2 3 
Compound lymphoma O O 4 
Total 65 (55%) 18 (15% 


main lymphatic stations between the mas- 
toid tip superiorly and the diaphragm in- 
feriorly, and extend laterally to include the 
axillae. This, then, includes the entire 
mediastinum, and the cervical, supraclavi- 
cular, infraclavicular and axillary lymph 
node chains bilaterally in continuity (Fig. 
14). The nasopharynx is included only if 
disease 1s present—this has been necessary 
in 2 patients. Major uninvolved tissue 1s 
shielded appropriately by “lung”? blocks 
and infra-axillary blocks placed on exten- 
sion rods at the face plate of the x-ray gen- 
erator. To anticipate the possible necessity 
of treating an abutting abdominal field at 
some future date, we have minimized the 
problem of dose overlap to the spinal cord 
at the inferior mediastinal margin, by the 
following: (1) The x-ray generator is tilted 
superiorly for the anterior treatment field to 
produce a horizontal beam at the inferior 
margin. A matching abdominal field with a 
horizontal superior margin can then be ap- 
plied. (2) For the posterior field, the x-ray 
generator is directed at normal incidence to 
the patient and a spine block is used to 
shield a 2 by 3 cm. wedge of spinal cord 
within the lower margin of the field. We do 
not tilt the generator superiorly for the pos- 
terior treatment because the diverging 
beam would pass through the eyes on exit. 
If we are certain of treating the abdominal 








34 (30%) 








feld, as happens when disease is present in 
both upper and lower regions, the inferior 
margin of the upper field is staggered 2 cm. 
on alternate treatments. 

The average upper lymphoma field 
measures 34 bv 29 cm.; the mediastinal 
width averages approximately 6 cm., being 
wider whenever large mediastinal lymph- 
adenopathy is present. The usual treat- 
ment distance is 125 cm. to the midplane of 
the patient. Unusuallv large fields, such as 
44 by 35 cm., necessitate increasing this dis- 
tance. À few of the patients were treated 
while standing with arms overhead; how- 
ever, in the majority, treatment is given 
with the patient in the sitting position with 
his arms at his sides, hands on laps and el- 
bows held slightly away from the bodv. A 
seatbelt is used to hold the patient in posi- 
tion and the head is fixed with cushioned 
clamps above each ear (Fig. 2, 4 and B). 
The head is held in slightly greater exten- 
sion in the anterior field in order that the 
upper margin of the treatment beam may 
reach the mastoid tip; occasionally, it is im- 
possible to exclude the lower teeth from the 
beam in both anterior and posterior treat- 
ment positions. 

The lower lymphoma field for disease 
localized to one or more sites within the 
abdomen is of two types (Fig. 1, B and C). 
The field designated Fs, often called the 


VoL. 92, No. 1 


Irradiation of Lymphoma I 


2 
~J 





Fic. 1. (4) Supradiaphragmatic and (B and 
C) infradiaphragmatic fields in 2 mev. ir- 
radiation of lymphoma. Shaded areas are 
shielded from radiation. (4) Field F; is used 
whenever one or more sites above the dia- 
phragm are involved. Not indicated are: 
spine block at inferior margin for posterior 
field, and the fact that the inferior margin of 
the anterior field is horizontal. (B) Field 
F; is used for intra-abdominal disease which 
may be outside of inverted-Y (F) field 
shown in C. Field Fs is preferred if disease 
is known to lie within its confines. Fields F; 
and Fs have horizontal top margins ante- 
riorly and posteriorly. 


"inverted-Y"' field, is shaped to irradiate 
the midline retroperitoneal lymph nodes, as 
well as those of the pelvis, and can be ex- 
tended inferiorly sufficiently to include the 
femoral lymph nodes if necessary. Since it 
shields the major part of the liver, spleen 
and lateral one-third of the upper portion 
of the abdomen, it is never used in the pres- 
ence of ascites, hepatomegaly, spleno- 





(e 


megalv or known disease in the lateral ab- 
dominal gutters. The upper midline retro- 
peritoneal portion of the field usually aver- 
ages IO cm. This flares to widen out to full 





Fic. 2. (4 and B) Two mev. treatment setup of poste- 


ror upper lymphoma field (Fi). Patient is im- 
mobilized in treatment chair by head clamp and 
seatbelt. Lower, long extension rods on the Van de 
Graaff x-ray generator hold field shaping lung and 
axillary blocks, and spinal cord block. Upper short 
rods hold copper filters for equalizing radiation 
dose. Generator is not angled (see text). 


pelvic width, usually at the level of the 
fourth lumbar vertebra. The inferior corner 
blocks run parallel and inferior to the in- 
guinal crease. Depending on relative ana- 
tomic relationships, a special midline scrotal 
block may or may not be necessary. In 
general, this field is used with limited ab- 
dominal involvement known to be within 
its shaped confines. 

The full abdominal field (Fig. 1 5), desig- 
nated EF; is used when there is more ad- 
vanced intra-abdominal involvement; oc- 
casionallv for special reasons a liver block 
may be inserted. Both types of fields are 
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treated alternately from anterior and pos- 
terior positions. Either field may be used 
with the patient in the vertical or horizontal 
position. Since the full abdominal field (I's) 
usually implies that the patient 1s more 
severely ill, it is likely to be irradiated with 
the patient in the supine or prone treat- 
ment position. When either of these fields 
is utilized, the same attention is given to 
possible overlap radiation dosage to the 
dorsolumbar spinal cord from either a pre- 
viously treated or an anticipated upper 
lvmphoma field. The x-ray generator face 
plate is tilted caudad to insure a horizontal 
top margin anteriorly and posteriorly. 

Dose and Morbidity. The total dose we 
strive for in primary lymphoma ts 2,400 r, 
measured at the midplane, for both upper 
and lower lymphoma fields. It is readily at- 
tainable in all upper fields and 1s usually 
delivered in a total time of 3 weeks, at a 
daily midplane “tumor” dose of 150-175 r 
(Table v). At this dose rate, the symptoms, 
mainly secondary to irradiation of the up- 
per respiratory tract segment, are tolerable 
and rarely require any interruption in the 
treatment schedule. Difficulty is likely to be 
met in patients with advanced, Stage II 
disease who already have many symptoms, 
particularly nausea, weakness and loss of 
appetite from their disease process. In such 
cases, the daily dose may be lowered to 125 


TABLE V 


MORBIDITY OF RADIATION THERAPY OF 
LYMPHOMA: CERVICOTHORACIC FIELD 
TOTAL DOSE—2,400 r 
Range daily dose (midplane)—125-170 r 
Median daily dose (midplane)—150 r 














No. of Patients 


Symptoms (per cent) 





Dry mouth 50 
Dysphagia 30 
Hoarseness IO 
Nausea 

Mild, intermittent 25 

Moderate IO 
Sore throat 30 
Taste change 20 
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TABLE VI 


PALPABLE-VISIBLE RESPONSE TO WIDE FIELD 2 MEV. IRRADIATION 











HODGKIN'S DISEASE (1950-1959) 








Detectable disease at end of therapy 
Residual disease at first follow-up* 
Persistent disease after 2,400 r 

l'irst recurrence in treated field 








* Four to 6 weeks after cessation of radiation therapy. 


r. This group of patients probably will re- 
quire further therapy to the abdomen. Be- 
cause of the toxic nature of Stage 111 disease 
in general, it has rarely been possible to 
irradiate aggressively the F, and Fs portals 
sequentially to 2,400 reach. More often, the 
F, field received 2,400 r and in the ab- 
dominal field, doses between 1,000 and 
1,800 r were given. 

If a significant degree of disease is pal- 
pable or visible at the end of therapy, par- 
ticularly in Hodgkin's disease, we now uti- 
lize a dose of 3,000 or 3,500 r to the local 
site. In Stages 1 and 11 (Hodgkin’s disease), 
the disease persisted in 3 patients (7 per 
cent) after 2,400 r (Table v1), and in 1 of 
these it was still present after 3,500 r. Re- 
ticulum cell sarcoma constitutes the excep- 
tion to our dose plan of 2,400 r, since 6 of 
the 8 patients received final doses ranging 
from 3,000 to 4,500 r. 

The abdominal fields tolerate a lower and 
narrower range of daily dose (Table vii). 
The full abdominal field (Fs) can in the ma- 
jority of patients be given 2,400 r at a daily 
dose of 100 r. At this dosage level, some de- 
gree of nausea is present throughout the 
therapy schedule in most patients. Diarrhea 
is transient at this dosage level. As the 
daily dose is raised, an increasing number 
of patients find nausea more persistent and 
less adequately amenable to antinausea 
drugs. At higher dose levels, diarrhea usu- 
ally appears before the midpoint of the 
treatment course, whereas at the lower level 
it is transient and present near the end of 
the treatment series. Because the inverted- 


Stage I 
(16 patients) 





Stage III 
(16 patients) 


Stage II 
(26 patients) 





2 i 9 
I T 7 
O 3 5 
I 3 6 


Y field (Fe) contains less volume of tissue 
and excludes most of the liver and kidnevs, 
it is tolerated more readily from all clinical 
aspects. The severity of the lymphomatous 
process modifies the radiation morbiditv to 
a considerable degree; large abdominal 
masses, particularly, may require lowering 
of the usually tolerated daily dose. Recent 
antecedent or simultaneous administration 
of chemotherapeutic drugs tends to reduce 
the patient's tolerance to the usual radia- 
tion doses. 

The effect on the hematologic picture bv 
the three main fields of radiation used in 
this series (when chemotherapy has not 
recently been given) is most clearly demon- 
strated by comparing the effect on the total 
leukocyte count (Fig. 3). Radiation of the 
upper lymphoma field effected a fall in the 
white blood cell count to below 5,000 in 21 
per cent of the patients, whereas radiation 
utilizing the full abdominal field and the 
inverted-Y field did this in 80 per cent and 


TABLE VII 


MORBIDITY OF RADIATION THERAPY OF 
LYMPHOMA: ABDOMINAL FIELDS 
TOTAL DOSE—2,400 r 

















Full Inverted- 
Abdomen T 
(Fs) (Fe) 
Range of daily dose 
(midplane) 80-140 r 95-148 r 
Tolerable dose in majority IOO Fr I3Or 
Moderate nausea at dose >I100r >130 Fr 
Moderate diarrhea at dose »IIOFr 


>140r 


% CASES 
EACH FIELD 


100 
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LEVELS BELOW WHICH WBC FELL 


Fic. 3. Effect of wide field 2 mev. irradiation of lymphoma on white blood cell count. 


6o per cent, respectively. The infrequently 
used sequential course of radiation therapy, 
that is, proceeding from the upper lym- 
phoma field directly to the lower full ab- 
dominal field, used in Stage m1 disease, 
caused a fall in leukocytes to below 5,000 
in 92 per cent of the patients, and in 17 per 
cent the white blood cell count fell below 
1,000. This combination was rarely carried 
out to 2,400 r to each field. Appropriate rest 
periods from radiation therapy were re- 
quired during the second field treatment 
because of the drop in leukocytes as well as 
the concomitant weakness and general 
debilitation usually present in these pa- 
tients. Irradiation of either the F; or the Fs 
field alone did not produce a fall in the 
white blood cell count below 2,000. 

Shortly before irradiation was begun, 
chemotherapy was administered to 8 pa- 
tients with Hodgkin's disease present 
above the diaphragm. In 5 the white blood 
cell count fell below 5,000, and in 1 below 
2,000, necessitating stopping treatment in 
this case. This was the only patient in 
whom the white blood cell count fell below 
2,000 with the use of an F, field. More fre- 


quent hematologic studies are carried out 
on patients in whom abdominal field irradi- 
ation is utilized. This is especially impor- 
tant when a patient has recently had, or 1s 
receiving chemotherapy concomitantly 
with radiation therapy. 
RESULTS 

In this survey, a minimum 3 year follow- 
up is available and the status of all but 1 
patient is known as of December 1962 
(Table vim). Of the entire series, 50 pa- 
tients (43 per cent) are alive; 67 patients, or 
£7 per cent, (including 1 patient lost to fol- 
low-up at 28 months) have died. Patients 
with Hodgkin's disease constitute almost 50 
per cent of the total and 26 (45 per cent) of 
them are alive. The remaining patients 
with lymphomas, 24 (55 per cent) are liv- 
ing; macrofollicular lymphoma constitutes 
the major contributor, and 11 patients (68 
per cent) are alive. Patients with lympho- 
sarcoma obtained the poorest results in the 
group; only 5 (27 per cent) were alive at 
the minimum 3 year period. 

The efficacy of wide field irradiation 1s 
suggested by the small number of recur- 
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Taste VIII 
LYMPHOMA 
(ALL CASES—I17 PATIENTS) 
Alive Dead 
No. of Lost 
Patients Without With Due to Other T 
Disease Disease Lymphoma |. Cause 
Hodgkin's disease 58 x 5 27 4 I 
Lymphosarcoma 18 4 I 12 I O 
Macrofollicular lymphoma 16 9 2 5 O O 
Reticulum cell sarcoma 8 2 O 6 O O 
Lymphocytoma 8 2 O 6 O O 
Compound lymphoma 4 I I 2 O O 
5 2 O 3 O O 


Type not specified 


rences first occurring in the confines of 
previously irradiated fields in Stages 1 and 
11 cases. This occurred in 4 patients (7 per 
cent) with Hodgkin’s disease and in 2 in 
the non-Hodgkin’s group (4 per cent). Of 
the 6 patients with Stage rir Hodgkin’s dis- 
ease who first showed recurrence in previ- 
ously irradiated fields, 4 received less than 
1,500 r. Fight patients with Hodgkin’s dis- 
ease and 1 patient of the non-Hodgkin's 
group (not tabulated) showed persistence of 
disease with 2,400 r beyond a 2 month 
period. If we exclude the 6 patients with 
reticulum cell sarcoma who were given a 
planned dose of 3,000 r or more, 8 per cent 
of all lymphomas (14 per cent of Hodgkin’s 
disease) were unresponsive to 2,400 r. 

The gross survival rate for the group as a 
whole decreased from 82 per cent at 1 vear 


TABLE IX 


LYMPHOMA TREATED BY 2 MEV. 
WIDE FIELD IRRADIATION 
ALL LYMPHOMAS 
GROSS SURVIVAL RATES (1950-1959) 














! l Survival 
Survival No. of 
(yr.) Cases No Per Cent 

I tiy 96 82 

2 iy 02 70 

3 117 75 64 

4 102 56 ee 

5 


9I 48 53 





to $3 per cent at 5 years (Table 1x). The 
gross survival rates at § years for the entire 
series are surprisingly similar to those for 
Hodgkin’s disease, 51 per cent (Table x). 
The non-Hodgkin’s group shows a $ year 
survival of 54 per cent (Table x1). These 
are generally better than reported re- 
sults.'?* It should be pointed out that the 
excellent results obtained with macrofollic- 
ular lymphoma (11 of 16 patients are 
alive) tend to offset the poor showing of 
lymphosarcoma (5 of 18 patients are alive) 
and improve the group standing. Among 
the macrofollicular lymphoma group, 13 of 
I4 potential § year survivors are living. 

As pointed out bv Peters,? and Peters 
and Middlemiss,? staging remains the most 
important identifiable factor in evaluating 


TABLE X 


LYMPHOMA TREATED BY 2 MEV. 
WIDE FIELD IRRADIATION 
HODGKIN'S DISEASE 
GROSS SURVIVAL RATES 
58 CASES (1950-1959) 


Survival 








Survival No. of E NN 
(yr.) Cases No. Per Cent 

I 58 $1 58 

2 on 45 77 

5 53 41 79 

4 5O 28 56 

5 45 23 Ji 
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TABLE XI 
LYMPHOMA TREATED BY 2 MEV. 
WIDE FIELD IRRADIATION 
EXCLUDING HODGKIN'S DISEASE 
GROSS SURVIVAL RATES 
59 CASES (1950-1959) 
. . Survival 
Survival No. of 
"T. b 5 ™~ 
(yr.) Cases No. Per Cent 
59 45 76 
> 59 37 62 
3 59 34 57 
4 §2 28 53 
5 46 25 54 








prognosis in Hodgkin's disease. The stag- 
ing reported in this paper (Table xii) is 
similar to that of Peters. We have not 
subdivided Stage 11 into A and B subgroups 
for statistical purposes because of the 
limited number of patients. In this series, 
Stage 11 B would contain 6 patients, of 
whom 2 are alive at 42 and 60 months, and 
4 are dead at 1, 10, 36 and 72 months. 

Appraisal by stage (Table xim) shows 
gross 5 year survivals to be 54 per cent, 60 
per cent and 33 per cent for Stages 1, 11 and 
i, respectively. The slight apparent im- 
provement in survival rates of Stage 11 over 
Stage I may be a function of the relative 
size of this group or an error in clinical esti- 
mation of extent of disease. Should this 
similarity in § year survival persist as the 
series becomes larger, it may be another 
indicator of the worthwhileness of wide 
field irradiation. 


Salzman, Smedal, Wright and Trump 
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TABLE XII 


CLINICAL STAGING IN LYMPHOMA 














Stage Involvement 








I Single lymphatic region 
(7.e., unilateral cervical) 


II Two or more proximal lymphatic regions 
(1.e., more than one region above or below 
diaphragm) 


IHI Two or more distant lymphatic regions 
(.e., involvement of lymph nodes present 
above and below diaphragm) 








The gross 5 year survival rate of 33 per 
cent in patients with Stage ut disease is 
better than generally reported. The longest 
survival was obtained by those patients in 
whom it was possible to treat both upper 
and lower lymphoma fields to at least 1,500 
r each. In 1 patient the interval between 
radiation therapy to the upper and to the 
lower fields was 1 year, with interval oral 
chemotherapy apparentlv restraining resi- 
dual disease in the abdomen. Almost all the 
patients with Stage 11 disease received 
chemotherapy at some period. It has not 
been possible to evaluate accuratelv the 
part plaved by chemotherapy in the sur- 
vival of patients with Stage 111 lymphomas. 
It is possible to attribute the improvement 
In gross § year survival to this and the use 
of steroids. Others? with much larger series 
of patients report no increase in survival 
time associated with the addition of chemo- 


TABLE XIII 


2 MEV. WIDE FIELD IRRADIATION 
HODGKIN’S DISEASE 


| | 








One Year 


GROSS SURVIVAL BY STAGE (1950-1969) 





Three Years Five Years 





Avail- 








Avail- Sur- Per Avail- Sur- Per Sur- Per 

able vival Cent able vival Cent able vival Cent 
Stage I 16 16 100 16 12 75 13 7 54 
Stage II 26 24 g2 26 22 85 20 ra 60 
Stage III 16 11 69 16 7 44 12 4 33 











VoL. 92, No. J 


therapeutic agents, steroids or antibiotics. 
Our clinical impression is that partial pal- 
liative benefit is common but the disease 
process is rarely halted as expeditiously or 
for as long a time as it is by irradiation. 

Survival in the non-Hodgkin’s group is 
not evaluated by stage because of the rela- 
tively small numbers in each of the types. 
Of the 18 patients with lymphosarcoma, 2 
would be considered in Stage 1, 9 in Stage 
I1 and 7 in Stage 111. Of the 16 patients with 
macrofollicular lymphoma, 3 would be con- 
sidered in Stage 1, 8 in Stage r1 and 5$ in 
Stage 11. Of the remaining 25 patients in 
this group without Hodgkin's disease, 1 pa- 
tient would be in Stage 1, 10 in Stage r1 and 
14 1n Stage 11. This group shows a 53 per 
cent 5 year survival rate, with 35 per cent of 
the patients in Stage 1m. Moderate and 
judicious aggressiveness is indicated, how- 
ever, in patients with Stage 11 disease. The 
clinical judgment of the radiotherapist 
works in narrower confines in these cases. 


SUMMARY 


Experience with 2 mev. wide field irradi- 
ation in II7 patients comprising 6 lym- 
phoma types is reported. The following con- 
clusions are drawn: 

I. Two mev. wide field irradiation per- 
mits treatment of multiple regions of in- 
volved sites as well as potential disease 
with a single comprehensive, shaped field, 
which is well tolerated in the majority of 
patients. 

2. Gross § year survival rates in two sub- 
groups (Hodgkin's and non-Hodgkin's) 
show an over-all improvement over those 
generally reported. 

3. The value of wide field irradiation in 
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patients with Hodgkin's disease particu- 
larly is suggested by: (a) the small number 
of recurrences first occurring in the previ- 
ously irradiated fields in Stages 1 and m 
cases, and (b) the improvement in gross 5 
year survival rates in Stage Ir cases. 

4. The improvement in gross $ vear 
survival rates in Stage 11 Hodgkin's dis- 
ease may indicate the value of chemother- 
apy as an adjunct to wide field irradiation. 

5. Clinical staging, particularly as ap- 
plied to Hodgkin's disease, remains the 
single most important prognostic indicator. 

6. A total dose of 2,400 r may be insuffi- 
cient in approximately 15 per cent of pa- 
tients with Hodgkin's disease. When pal- 
pable or visible disease is present at the end 
of therapy, additional radiation (to 3,000- 
3,500 r) should be administered. 


l'erdinand A. Salzman, M.D. 
Lahey Clinic 

605 Commonwealth Avenue 
Boston 15, Massachusetts 
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LYMPHADENOGRAPHY WITH RADIOACTIVE CON- 
TRAST MEDIUM IN RETROPERITONEAL 
LOCALIZATION OF MALIGNANT 
LYMPHOGRANULOMA* 


By S. CHIAPPA, G. GALLI, and A. SEVERINI 


MILANO, ITALY 


M ALIGNANT lymphogranuloma of the 

retroperitoneal lymph nodes is ex- 
ceedingly difficult to diagnose. The svmpto- 
matologv (abdominal distention, lumbar 
pain, intestinal disorders, epigastric heavi- 
ness and pain) and the general signs are not 
consistent, do not appear early in the course 
of the disease and mav simulate those of 
other diseases. Furthermore, as the mani- 
festations are deep-seated, even palpation 
is valueless until the lymphogranuloma has 
reached an advanced stage. 

An earlier diagnosis is possible bv radio- 
logic studv, when it is not confined to the 
indirect. signs. (shifting of the renal axis, 
blurring and distortion of the psoas shad- 
OW, pitting or displacement of the ureter and 
vena cava, displacement of adjacent vis- 
cera, etc.)? and when techniques for the 
visualization of the diseased lymph nodes, 
such as the retropneumoperitoneum with 
stratigraphy? or lvmphadenography are 
used. The latter has gained considerable 
significance in the past few vears since the 
adoption of the fat-soluble contrast agents 
replacing the water-soluble contrast media. 
Injection is made into a lymph vessel of the 
dorsum of the foot and satisfactory opacifi- 
cation is achieved of even those retroperi- 
toneal lymph nodes farthest from the site of 
injection.’ This diagnostic technique has 
disclosed. the fact that localization. of 
Hodgkin's disease in the retroperitoneal 
lymph nodes is very common, far more so 
than the clinical case material would indi- 
cate (7-15 per cent). Some investigators, 
on the strength of lymphographic research, 
feel that there is early involvement of these 


Iv mph centers in at least £o per cent of the 
patients.14:15.16 

It is to be hoped that the improvement 
in diagnostic techniques will lead to better 
therapeutic results. Presentlv, one of the 
main difficulties in radiation therapy of this 
localization ot Hodgkin's disease is that, 
since an early diagnosis is not made, pa- 
tients usually are referred for treatment 
when the involvement of the retroperi- 
toneal lymph nodes is advanced. This 
means that with percutaneous irradiation, 
larger fields and higher doses must be used. 
Consequently, general disturbances are apt 
to result along with damage to radiosensi- 
tive tissues and viscera. The use of high 
voltages has lessened these dangers but has 
not eliminated them altogether. 


METHOD AND MATERIAL 


Since September, 1961 at our Institute a 
method of direct lymphadenography is 
used. An oily contrast medium (Lipiodol 
Fluid), rendered radioactive by partial 
displacement of the iodine with its isotope 
I?', is injected into the limbs. This pro- 
cedure is both diagnostic and therapeutic. 
Theoily contrast medium, which is retained 
in the lymph nodes, opacifies them intensely 
and for an extended period of time, causing 
simultaneous irradiation of the focus of the 
intranodal involvement with high doses 
and the perifocal areas with verv low doses. 

The method, which we have called “‘intra- 
lymphatic radiotherapy,” has been em- 
ploved in the treatment of both metastatic 
and systemic lymphoreticulosis, and the 
initial results have been encouraging. The 


* From the Istituto di Radiologia dell'Università di Milano (Direttore Prof. A. Ratti) and the Istituto Nazionale Vittorio Emanuele 


III per lo Studio e la Cura dei Tumori (Direttore Prof. P. Bucalossi). 
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technique, indications, limitation and some 
of the earlier results have been reported 
previously?» 

During the past 18 months, 34 patients 
with various stages of lymphogranuloma at 
different sites have been subjected to intra- 
lymphatic radiotherapy. The radioactive 
contrast material was injected into the 
lymphatic vessels of the dorsum of the foot, 
which permitted the study and irradiation 
of the inguinal, external iliac, common 
iliac and lumbo-aortic lymph nodes. The 
experience gained, we feel, seems worthy of 
reporting. 


RESULTS 


DIAGNOSTIC POSSIBILITIES 


Table 1 shows the number of times the 
intralymphatic injection of radioactive 
lipiodol made possible the diagnosis of 
diseased retroperitoneal lymph nodes. The 
term “retroperitoneal? applies to both 
the lymph nodes along the common iliac 
vessels as far as the bifurcation of the aorta 
and the lymph nodes in front of and along- 
side the lumbar spine, around the aorta and 
the inferior vena cava. 

On lymphograms the distinction between 
iliac and lumbo-aortic lymph nodes is based 
on the principles suggested by Herman e 
al.” The lymph nodes between a lower plane 
tangent to the inferior margin of the sacral 
promontory and an upper plane along the 
lower contour of the fourth lumbar ver- 
tebra are regarded as belonging to the 
common iliac group. Between the lower 
contour of the fourth lumbar vertebra and 
the cisterna chyli are the lumbo-aortic 
lymph nodes. We found it useful to divide 
these latter into 2 groups: inferior and 
superior, the separation line being a plane 
passing through the spinal tip of L; (Fig. 1). 

The lymphographic diagnosis of lympho- 
granuloma was based on the roentgen find- 
ings described by other workers! 79.13.1515, 
7»? "These may be considered fairly reliable 
for assessing the extent of a systemic proc- 
ess but not always its nature. In all cases of 
this series the nature of the disease was 
ascertained. by biopsy of involved periph- 
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Fic. 1. Lymphadenogram with nonradioactive Lipi- 
odol “I” in a normal subject. (1) Superior lumbo- 
aortic lymph nodes; (2) inferior lumbo-aortic 
lymph nodes; (3) common iliac lymph nodes; and 
(4) external iliac lymph nodes. 


eral lymph nodes. Unfortunately, our 
case material was very heterogeneous as 
regards the site and extent of the systemic 
process, which in many cases was very ad- 
vanced. We, therefore, could not determine 
whether the retroperitoneal localization ap- 
peared earlier or later than the peripheral 
lymph node localizations. 

From Table 1, it can be seen that in our 
series, localization in the retroperitoneal 
lymph nodes was quite common. In 21 of 
the 34 patients examined (that IS, in 61 per 
cent), lymphographic patterns definitely 
attributable to lymphogranuloma in the 
retroperitoneal lymph nodes were demon- 
strated. In 5 other patients the lympho- 
graphic pattern was doubtful. Of the 21 
cases with retroperitoneal localization 
proven by lymphography, there were clin- 
ical symptoms in 11 (52 per cent); in 5 
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23 per cent) the enlarged lymph nodes 
were palpable. These cases show that in- 
volvement of lymph nodes can be detected 
clinically only when they are very large. 
To dispel any doubt regarding the present- 
ing symptoms in some cases and to actually 
visualize localizations which are too limited 
and too early to give rise to either subjec- 
tive or objective clinical manifestations in 
other cases (Fig. 2, and 34), lymphography 
is necessary. 
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TABLE I 
RETROPERITONEAL LOCALIZATION OF MALIGNANT LYMPHOGRANULOMA 
| Lymphographic Diagnosis 

Case Symptoma- Clinical Common Iliac Lumbo-Aortic 
No. tology Diagnosis Lymph Nodes Lymph Nodes 
R L R L 
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à T d = " T T 
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4 = = + T 4 af 
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6 — d 4 T 4p EE 
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19 — — e T = 
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22 — — = = = 
23 a z e EN = - 
24 T = T? T - * 
25 T x: a = is a 
26 A: = — — — 
28 = ` = — - 
29 — — - = = = 
30 > = " a 5 x 
T Jr JE y 





We have observed that in the common 
iliac lymph nodes the process frequently 
involved only one side, usually the left 
(Fig. 4). Also, in the lumbo-aortic region, 
although the lymph nodes both to the left 
and right of midline were affected, the 
greater involvement was nearly always on 
the left side (Fig. 54, and 64). Further- 
more, we noted that, when the contrast ma- 
terial was injected on the right side, visual- 
‘zation of the lumbo-aortic lymph nodes to 
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Kic. 2. Case 20. Lymphadenogram showing localiza- 
tion of a lymphogranuloma in the left superior 
lumbo-aortic region, 





the left of the midline was often obtained 
(Fig. 7, and 12,7). This phenomenon may 
be explained by the rich network of 
lymphatic anastomoses existing between 
the lymp nodes of the lumbo-aortic chains. 
In our experience, of the various retroperi- 
toneal lymph node groups, the superior 
lumbo-acrtic group was most often affected 
by malignant lymphogranuloma. When the 
morbid process is limited in extent, its only 
localization may be in this area; when the 
process 1s more extensive, affecting numer- 
ous retroperitoneal lymph nodes, the larg- 
est masses likewise are found in this area 








Fic. 3. Case 19. (4) Lymphadenogram after injection of Lipiodol “F” I?! on both sides shows a definitely 
enlarged and diseased lymph node in the lumbo-aortic region at the level of Lo. (B) Lymphadenogram 23 
days later shows a considerable decrease in the size of the diseased lymph node. 
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Fic. 4. Case 16. Lymphadenogram shows that all 
the lymph nodes to the left of the midline from the 
superior lumbo-aortic to the inguinal lymph nodes 
are affected. On the right side the lymph nodes are 
normal. 








(Fig. 6.4, 7, 84, and 9/7). The involvement 
of the superior lumbo-aortic lymph nodes 
may sometimes be associated with disten- 
tion of the loops of the small intestine and 
colon due to gas (Fig. 9/7). In this case, 
the patient may have considerable ab- 
dominal pain and voiding disturbances 
sometimes resembling partial obstruction. 


THERAPEUTIC POSSIBILITIES 


Twenty-one cases of lymphogranuloma 
of the retroperitoneal lymph nodes in which 
a reduction in the size of the enlarged lymph 
nodes was obtained by the use of radio- 
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Fic. 2. Case 15. (4) Lymphadenogram made after injection of Lipiodol “F” I?! on the left side on March 14, 
1962 and on the right side on June 13, 1962. Large unevenly opacified lymph nodes of clearly pathologic 
appearance are seen in the lumbo-aortic and common iliac regions, especially to the left of the midline. (5) 
On July 2, 1962, 110 days after the first injection, there is marked regression of the enlarged lymph nodes in 
the lumbo-aortic region. 
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active iodized oil are listed in Table 1. 
These cases were easily verified by periodic 
roentgenographic studies after the intra- 
lymphatic treatment, as the radioactive 
contrast medium stays in the lymph node 
and keeps it opaque for several months, 
even after its radioactivity has decaved. 
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lic. 6. Case 24. (4) Lymphadenogram 
immediately after injection of radio- 
active contrast medium shows dis- 
eased lymph nodes in the lumbo- 
aortic and common iliac regions on 
the left side. The largest lymph nodes, 
as is generally the case, are seen at the 
level of L.-L;. (B) Fourteen days 
after the injection of the contrast 
medium considerable regression of the 
diseased lymph nodes is seen. (C) Two 
months later, further regression in the 
size of the lymph nodes is noted. 


Since biopsy specimens taken from acces- 
sible lymph nodes? revealed that the de- 
struction of the neoplastic tissue was 
greatest in the cases in which the reduction 
in the site of the lymph nodes was the 
greatest, a correlation exists which bears 
out the roentgenographic evaluation. 
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TABLE II 
RETROPERITONEAL LOCALIZATION OF MALIGNANT LYMPHOGRANULOMA 
Activity Opacification of Regression of Lymph 
aie mc/ml. Lymph Nodes Node Enlargement 
D Liniodol | | Lumbo-Aortic | Time of Last Follow-up 
( ml.) Iliac Pid tod Iliac Lumbo- 
ewe R L 5 Infe- Supe- "e Aortic 
rior rior 
I 8 I I good slight + = Died 1 mo. after treatment 
2 IO O.9 0.9 good good ++ + 8 mo. 
10 O.52 1.96 good fair — slight RE = Telecobalt therapy to lumbo-aortic lymph 
nodes 
5 10 0.07 good fair T Recurrence in lumbo-aortic lymph nodes 
190 days later; 2nd injection of Lipiod:l 
ep ua 
6 IO 0.386 | fair far = slight ++ + SecondinjectionofLipiodol“F” Dat 11 mo. 
9 10 2 2 good good slight spa T 5 mo. 
10 13 o.8 0.8 | good good none sp = Died 2 mo. after treatment 
1I 10 0.37 0.37 | good good ++ not evident | After g mo. radiation therapy of lumbo- 
aortic lymph nodes 
i2 10 2.46 2.46 slight slight b = Second injection of Lipiodol “F” D?! at 15 
days 
13 10 2.5. Q3 slight slight $ 1 2 mo. 
14 IO I 1 slight slight not present t Given radiomimetic treatment; stationary 
at 25 mo, 
15 10 0.47 0.81 good good slight T Je 8 mo. 
16 IO 0.73 good fair des + IO mo. 
7 10 1.9. 1,24 good good not present dm 1I mo. 
18 IO 1.65 2.65 good good ade ++ 
19 10 r.1f i.r | good good not present Tur 7 mo. 
20 10 2.4 2.4 | good good T Em 4 mo. 
21 10 1.63 1.64 good far absent| not present afe 5 mo. 
24 IO I I good good ++ +F 3 mo. 
28 10 OF. 5:5 fair fair + | T 4 mo. 
32 IO La Irá slight | not opacified P | e Died 2 mo. after treatment 

















Table 11 gives (1) the dose injected ex- 
pressed in quantity of the contrast medium 
and activity in mc (for 1 mc injected the 
mean dose at the level of the lymph node 
is 832 rads, according to the calculations of 
the Isotope Department of our Institute),? 
(2) the degree ot opacification of the lymph 
nodes, which is roughlv indicative of the 
quantity of radioactive contast medium re- 
tained in the various lymph node groups, 
and (3) the extent of the regression (con- 


siderable ++, fair +, and none —). 


DISCUSSION 


From the data presented and other ob- 
servations made in the course of our trial, 
we have ascertained that: 

1. Intralymphatic radiotherapy is a valid 
method of treating retroperitoneal lesions 
in Hodgkin’s disease. Regression was ob- 
tained in the majority of enlarged lymph 


nodes, even the very large ones (Fig. 5, £ 
and B; 6, 7, B and C; 8, 4, B and C; 9, 4, 
and D; and 10, 4 and B). 

2. Generally speaking, the extent and 
duration of the effect are proportional to 
the radioactivitv of the introduced me- 
dium. For this reason we gradually in- 
creased the dose of I?! until a specific activ- 
ity of 2.5 mc per ml. was reached, 8 to 12 
ml. of radioactive Lipiodol being injected on 
each side. 

3. The therapeutic effect 1s almost pro- 
portional to the degree of opacification of 
the various lymph node groups. This ob- 
servation is important because it enables 
one to foresee, within limits, the likely re- 
sults at the termination of the injection. 
Thus, if roentgenograms show that some of 
the lymph nodes retain only a small quan- 
titv of contrast material, supplementary 
percutaneous radiation should be delivered. 
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This can be performed more accurately, 
since the lymphograms permit a more pre- 
cise outlining of the field to be irradiated. 
If, on the other hand, opacification is slight 
in almost all the lymph node groups, it may 
be helpful, before subjecting the patient to 
other treatment, to try a second injection 
of radioactive contrast medium. This some- 
times results in better concentration in the 
diseased lymph nodes and a more pro- 
nounced therapeutic effect (Fig. 8, Z and 
B 

4. The best and most lasting results are 
found at the level of the common iliac and 
inferior lumbo-aortic lymph nodes (Fig. 6, 
A, B and C; and 11, 4 and P). Less satis- 
factory results are obtained in the superior 
lumbo-aortic lymph nodes, which are the 
most difficult to opacify with injection of 
the contrast material into the lymphatics 
of the dorsum of the foot. In 3 of our cases 
intralymphatic treatment had to be supple- 
mented by a course of percutaneous radia- 
tion therapy (Fig. 12, 7, B, C and D). 

5. Regression of the treated lesions is 
fairly rapid and in some cases considerable 
I-2 weeks after treatment. The maximum 
effect, however, is obtained only after a few 
months (2-4 months), showing that lym- 
phogranuloma is not as radiosensitive as 
other forms of lymphoreticulosis. 

6. In addition to the local effect on the 
lymph nodes, intralymphatic radiotherapy 
may cause remission of the general sympto- 
matology. Disappearance of local pain was 
noted in some cases as soon as 1 week after 
treatment. Even the symptoms due to 
meteorism (abdominal distention, diges- 
tive disorders, etc. may be completely 
relieved after intralymphatic radiotherapy. 
When this occurs, reduction of both the size 
of the lumbo-aortic lymph nodes and the 
air content in the intestine can be seen on 
the roentgenograms (Fig. 9, 7 and B). The 
general symptoms (fever, pruritus, etc.) due 
to other than the retroperitoneal localiza- 
tion, however, are more refractory, though 
sometimes remission of these is also noted. 

7. Intralymphatic radiotherapy does not 
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Fic. 7. In this patient lymphography was carried 
out only on the right side. Well opacified patho- 
logic lymph nodes to the left of the midline in the 
lumbo-aortic region are also demonstrated. 


cause general reactions (radiation sickness), 
nor damage to hematopoiesis or to other 
organs and functions. At no time did we 
observe phenomena suggesting untoward 
eHects on viscera near the retroperitoneal 
lymph nodes, even when injecting Lipiodol 
"EU D? with a high specific radioactivity. 


CONCLUSIONS 


The reported results indicate that the 
injections of I?-]abeled Lipiodol Fluid into 
the lymph vessels of the lower limbs is a 
suitable method both for diagnosis and 
treatment of retroperitoneal localizations of 
Hodgkin’s disease. 

As regards the practical application of 
this method, it is convenient to divide pa- 
tients with malignant lymphogranuloma 
into three categories: (1) those with no 
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Fic. 8. Case 6. (4) Lymphadenogram 


made on January 9, 1962 after injec- 
tion of Lipiocol on the right side on 
December 22, 1961 and of Lipiodol 
“F” I?! on the left side on January 8, 
1962. Slightly enlarged lymph nodes 
are seen in the external iliac region and 
in the left common iliac region. Larger 
ones are demonstrated in the lumbo- 
aortic region. A large lymph node 
mass is faintly opacified at the level of 
Lə—Ls, to the right and left of the mid- 
line. (5) Lymphadenogram made on 
February 18, 1963 after injection of 
Lipiodol “F” I?! on the right side on 
December 17, 1962. Better opacifica- 
tion of the right lymph node chain is 
obtained. This time there is also better 
concentration in the large lymph 
node mass in the lumbo-aortic region, 
which was barely visible in 4. (C) 
Lymphadenogram on May 29, 1963 
shows definite regression of all the en- 
larged lymph nodes in the iliac and 
lumbo-aortic regions; however, the 
paravertebral lymph nodes at the 
level of L.-L; still present a patho- 
logic appearance. 
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Fic. 9. Case 17. (4) Lymphogram shows enlarged lymph nodes of the lumbo-aortic region on both sides, 
especially at the level of LL. Marked distention of the small intestine and colon due to meteorism can be 
seen. (B) One week after intralymphatic injection of radioactive Lipiodol "EF," pronounced regression of the 
enlarged lymph nodes is demonstrated. The intestinal meteorism has practically disappeared. 
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Fic. 10. Case 16. (4) Lymphadenogram made after injection of Lipiodol “F” (nonradioactive) on the right 
side and of Lipiodol *F" I?! on theleft side. Numerous enlargedlymph nodes with structural irregularities 
and filling defects are seen in the external and common iliac and lumbo-aortic regions to the left of the mid- 
line. (B) Sixty-five days later marked regression of the enlarged lymph nodes of the iliac and lumbo-aortic 
chains on the left side is demonstrated. 
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Fic. 11. Case 2. (4) Lymphadenogram after Lipiodol “F” I"! was injected on both sides. The lymph nodes of 
the external and common iliac and lumbo-aortic regions on the left side and those of the common iliac and 
lumbo-aortic regions on the right side are enlarged and pathologic. (B) Thirty days later marked regression 
of the enlarged lymph nodes is seen. 


clinical signs of retroperitoneal localiza- 
tion; (2) those with symptoms suggestive of 
retroperitoneal localization but not defi- 
nitely demonstrable by clinical or roent- 
genologic examination; and (3) those with 


retroperitoneal localization there is not, 
strictly speaking, a clinical indication for 
treatment of the retroperitoneal area. We 
are convinced, however, that retroperito- 
neal localization is exceedingly common at 


every stage of lymphogranuloma, and that 
in the early stages a good response to treat- 
ment with radioactive Lipiodol can be ob- 


clinically demonstrable retroperitoneal 
localization. 
(1) In patients without clinical signs of 








DY ) 
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Fic. 12. Case 3. (4) Lymphadenogram made on February 12, 1962 after injection of Lipiodol “F” I'*! on the 
right side on February 10, 1962. Large lymph node masses are visualized in the external and common iliac 
as well as in the lumbo-aortic regions. The contrast medium flowed from the right lumbo-aortic lymph 
nodes to those on the left side, opacifying an extensive area on this side also. (B) Lymphadenogram after 
injecting Lipiodol “F” I?! on the left side on February 21, 1962. The pattern is similar to that of the right 
side as regards the external and common iliac lymph nodes, but other pathologic lymph nodes opacified in 
the lumbo-aortic region at the level of the fourth and fifth lumbar vertebrae. On the right side a fair regres- 
sion of the enlarged lymph nodes is demonstrated. (C) Seventeen days after the first injection, slight fur- 
ther reduction in the size of the lumbo-aortic lymph nodes on the right side is seen, but on the left side, 
only 6 days after injection of the contrast material, no change is noted. (D) This study was made 120 days 
after the first injection and after administration of 2,000 r with telecobalt therapy to the superior lumbo- 
aortic lymph nodes. There is distinct reduction in the size of the lymph nodes at the level of LL; as well 
as of those in the iliac and inferior lumbo-aortic regions, where percutaneous radiation therapy proved 
ineffective. 
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tained because of the capability of the 
lymph nodes to retain the contrast medium. 
Although, in some instances the opacified 
lymph nodes may appear normal, it 1s felt 
that intralymphatic radiotherapy is not 
harmful. In our series there were 8 cases of 
early involvement (Fig. 3, 4 and B) which 
were successfully treated but which other- 
wise would have escaped detection. 

(2) In patients with symptoms suggest- 
ing retroperitoneal localization but without 
positive clinical or roentgenologic confirma- 
tion, intralymphatic radiotherapy is de- 
finitely indicated. In fact, the lack of clin- 
ical evidence leads one to assume that the 
]ymph node lesions are still relatively small 
and hence amenable to this treatment. In 
all of our 8 cases in this category, lympho- 
grams disclosed involvement of the lymph 
nodes. Of these, in only 1 (Case 12) was 
there limited concentration in the lymph 
node masses and insufficient therapeutic 
benefit. 

(3) In patients showing definite retro- 
peritoneal localization clinically, intra- 
lymphatic radiotherapy appears to be the 
least favorable. The larger masses of lym- 
phogranulomatous lymph nodes are less 
likely to concentrate homogeneously even 
when a greater quantity of Lipiodol “F” 
I3! is used. However, trial of intralymphatic 
radiotherapy is worthwhile. The less 
affected lymph nodes are satisfactorily 
treated by the intralymphatic radiotherapy, 
while the larger lesions, if subjected to 
supplementary percutaneous radiation 
therapy, are irradiated in a more accurate 
manner, since the fields are delineated more 
precisely by the lymphadenography. 


S. Chiappa 
52 Via Tabacchi 
Milano, Italy 
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THE REMAINING KIDNEY IN IRRADIATED 
SURVIVORS OF WILMS'S TUMOR* 


By JEROME M. VAETH, M.D. 


SAN FRANCISCO, CALIFORNIA 


HE remaining kidney of a child irradi- 

ated for Wilms’s tumor is subjected to 
multiple factors which may determine its 
growth. The aggressive malignant disease 
and a major surgical procedure both add 
stress to the remaining kidney. While the 
kidney is undergoing compensatory hyper- 
trophy, it is at the same time uninten- 
tionally subjected to ionizing radiation. 
Consequently, if the dose delivered is high 
enough, renal damage and atrophy may 
result.? 

Some investigators? believe that the kid- 
ney of the infant may be more radiosensi- 
tive than that of the adult. Kunkler? stated 
"from the little evidence, it appears that 
the tolerance of the infant kidney is of the 
same order as that of the adult, but may be 
a little lower." Grossman! has reported 
radiation nephritis after unilateral nephrec- 
tomy for Wilms's tumor and akidney dose of 
2,000 r. 

In order to perceive some of the growth 
characteristics of irradiated solitary kid- 
nevs in children, 10 survivors of Wilms's 
tumor were studied. All had been treated 
at the University of California Medical 
Center, San Francisco, and had survived 5 
or more years. Postoperative irradiation 
had been administered to each child; some 
also received preoperative roentgen 
therapy. Although the roentgen treatment 
was directed to the diseased kidney area, 
often a portion or all of the opposite kidney 
was irradiated to varying doses. In these 
patients the entire width of the spine had 
been irradiated in the belief that unilateral 
bone changes would be minimized. The 
benefit of such a technique is now question- 
able.^5 These treatment fields allowed large 


doses of roentgen rays to irradiate the caly- 
ces and medial portions of the normal kid- 
ney. Lesser amounts were delivered to the 
mid-kidney and lateral cortex. 


METHOD AND MATERIAL 


Ot twelve 5$ year survivors previously 
studied for bone changes,? the treatment 
records and intravenous urograms of 10 
were reviewed. 

The treatment records were analyzed to 
approximate the dose of radiation delivered 
to the nondiseased kidney in 7 of the 10 pa- 
tients. In the remaining 3, data regarding 
the treatment field were not sufficient for 
conclusions. Using both field roentgeno- 
grams and diagrams of the treatment fields, 
the doses were calculated on the urograms 
as of the time of roentgen therapv. Dose 
was estimated at the medial margin and at 
the middle and lateral borders of the kid- 
ney. Isodose calculations were substan- 
tiated by measurements of a water phan- 
tom in random cases. 

One of the 10 patients (Case x) had had 
urography performed in 1955, 8 years after 
irradiation, the other g in 1961. In many, 
urograms were made in the interim be- 
tween treatment and 1961, allowing correla- 
tion of kidney changes with bodv growth. 

The remaining kidneys were measured 
in length and width, the measurements were 
correlated with the height of patients, and 
compared with accepted standards of 
children and adults.^* Each series of uro- 
grams was studied for prompt appearance 
and concentration of contrast medium as 
well as for configuration of the collecting 
systems. 


* From the Section of Therapeutic Radiology, Department of Radiology, University of California School of Medicine, San Francisco, 


California. 


Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 
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OBSERVATIONS 
RADIATION DOSE TO REMAINING KIDNEY 


Most of the patients were treated with 
medium voltage roentgen therapy, using 
opposing anteroposterior fields. Treatment 
factors and mid-plane doses to the diseased 
kidney region were previously reported.* 
One patient (Case vir) received treatment 
through opposing lateral fields as well as 
anterior and posterior fields. The dose to 
the normal kidney in this patient, higher 
than in any of the other patients, was 2,100 
rin 65 days. 

The lateral margin of the kidney in all 
patients received the lowest dose of radia- 
tion, varying from 100 r in 31 days (Case 
II) to 1,500 r in 65 days (Case vir). Maxi- 
mum doses were delivered to the medial 
margins of the kidneys, varying from 2,200 
rin 31 days (Case 11) to 3,800 rin 111 days 
(Case v1). The average dose to the kidneys 
ranged from 1,000 r in 31 davs (Cases r1 and 
III) and 1,300 rin 77 days (Case Iv) to 2,100 
rin 65 days (Case vir). 


FINDINGS ON INTRAVENOUS UROGRAMS 


One patient (Case v) had a bilobular 
kidney with double collecting systems and 
ureters. In the remaining g patients, no 
anatomic abnormalities were noted. 

In all, the contrast medium appeared 
promptly and was well concentrated. The 
size of the kidneys of the children, as meas- 
ured on the 1961 urograms, was compared 
with the size of normal kidnevs reported by 
Hodson eż a/.* These authors found excellent 
correlation between body height and kid- 
ney length of the normal child. The size of 
the adult kidneys as measured on the 1961 
urograms was compared with Moéll’s* cal- 
culated norms. 


SIZE OF KIDNEY IN CHILDREN 


All of the kidney lengths (Cases 11, 111, 1v, 
v, VI, VIII) fell within or above the range of 
standard deviation as discussed by Hodson 
et al? In Cases 1v and vri, larger kidneys 
were demonstrated than those of the upper 
limits of standard deviation (Table 1). The 
size of the sole kidney in an 11 year old 
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child with a proved diagnosis of renal 
agenesis was comparable to that of Case Iv 
when kidney length was correlated with 
body height. This patient did not have a 
Wilms's tumor. 


SIZE OF ADULT KIDNEY 


In all of the adults the size of the kidneys 
was larger than the standard as suggested 
by Moéll. A prominent bulging of the flank 
was characteristic of all. 


RATE OF BODY GROWTH AS COMPARED TO 
EXPECTED NORMAL KIDNEY GROWTH 


Plotting the body height versus the kid- 
ney length of 393 children between the ages 
of birth and 16 years produces a graph 
whose slope may be found from equation 
y —0.145X 4-2.646.? In 7 patients (Cases 1 
through vir), urograms at the time of irra- 
diation, at intervals, and in 1961 were 
available for study. A graph of the body 
height versus the kidney length in these 7 
cases produced standard deviations within 
1.5 cm. of those expressed in the report of 
Hodson eż a7? This led us to suspect that 
although the size of the kidney in these 
irradiated subjects may be as large if not 
larger than the expected normal, the rate 
of growth is comparable to that of the 
normal kidney. 


DISCUSSION 


In none of the studied 5 year survivors 
was there evidence of decreased kidney size 
from the expected normal. The majority 
were at the upper limits of expected normal 
size, if not larger. Ionizing radiation in the 
doses administered to this group did not 
produce measurable atrophy in a single 
case. The possibility of future chronic 
radiation nephritis with subsequent renal 
atrophy in these patients exists. It appears 
unlikelv, however, since 9 of the 10 patients 
have survived 10 or more years as of this 
date (1963) without clinical or roentgeno- 
graphic evidence of renal disease. 

Although roentgenograms gave no evi- 
dence of renal damage from irradiation in 
these patients, the indications for intensive 
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TABLE I 
SURVIVORS AFTER TREATMENT OF WILMS'S TUMOR—IRRADIATED GROUP 
Remaining Kidney 
A Sur- Midol Midplane Dose to 
Case |Height| ^'É* | vival | No. of D. pony Opposite Kidney Length Leneth Expected 
No. | 1961 ou to | Days B e (cm.) at| “S78 | Normal 
(Sex) | (in.) | PE- | 1961 |Treated| 775623 — — | Treat em.) Length 
ation | (yr ) Kidney l inent in (cm.) 
Max. Min Aver (side) 1961 (ranges) 
140800 F-] 7.5 14.0 12.7 
(R) 
1,000r 4.7 8.8 9.5 
(R) (8.5 to 
11.5) 
T,ooor | 4.7 9.9 9.0 
(L) (7.5 to 
10,5) 
I,300r | 6.5 15.2 II 
(L) (10 to 
13.0) 
goor | $.2 10.7 11.5 
(L) (10 to 
13.0) 
1,850r | 5.5 9-0 9.5 
(L) (7.0 to 
II.O) 
2,100r | 6.5 1429 12.8 
(L) 
— $75 13.0 II.O 
(L) (9.5 to 
I2.5) 
— 7.0 13.0 12:8 
(L) 
29 I5 1,500r — — 7.0 1365 12.8 
(also (R) 
radon 
intra- 
abd., 
500 
mc) 





postoperative irradiation in Wilms’s tumor 
must be carefully weighed. Treatment 
fields, once the radiation therapist elects to 
treat, should be limited to the region of the 
diseased kidney area. Inclusion of the en- 


tire width of the spine in the treatment vol- 
ume is seldom indicated since the likelihood 
of irradiating the opposite kidney is in- 
creased. Thorough renal studies before 
irradiation and at subsequent follow-up 
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studies should be carried out in all patients 
irradiated for Wilms’s tumor. 

Of interest would be comparable studies 
of kidney growth on survivors of Wilms’s 
tumor treated by nephrectomy only. 


SUMMARY 


The intravenous urograms of Io patients 
who had survived 5 years after irradiation 
for Wilms’s tumor were studied for kidney 
size and configuration. The diseased kidney 
had been removed by nephrectomy. 

The remaining kidneys had been sub- 
jected to varying doses of ionizing radia- 
tion at the time the area of the diseased 
kidney was irradiated. In none was there 
evidence of atrophy. All were within the 
range of expected normal size and most of 
them were enlarged. 

Department of Radiology 
University of California Medical Center 


San Francisco, California 94122 
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ation doses of the material included in this 
publication. 
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GERMINAL TESTICULAR TUMORS* 


By STANLEY D. FONS, M.D.,+ RICHARD OTIS, M.D.,t and RALPH T. OGDEN, M.D.8 


HARTFORD, CONNECTICUT 


T THE Hartford Hospital 109 consecu- 
tive patients with a diagnosis of 
primary testicular tumor were seen in a 32 
year period between 1928 and 1960. 
Ninety-three of these patients had primary 
germinal neoplasms on the basis of a com- 
prehensive review of the gross pathology 
reports, tissue blocks and autopsy findings, 
utilizing the classification system of Dixon 
and Moore? (Table 1). 


CLINICAL FEATURES 


Only the germinal testicular tumors are 
considered in this report in terms of diagno- 
sis, mode of treatment and survival figures. 
All other tumors have been excluded. Fif- 
teen cases were omitted from the series; 8 
cases because of missing slides or inade- 
quate sections; § cases of lymphoma mis- 
diagnosed as seminoma; and 2 cases be- 
cause of inadequate biopsies. A significant 
number of cases termed embryonal car- 
cinoma in the period 1928 to 1950 were 
found to be of the pure seminoma type, 
while a smaller number diagnosed as semi- 
noma, were in fact embryonal carcinoma. 
Two cases of the lymphoma group were 
reticulum cell sarcomas.! The median age 
of the 5 cases of the lymphosarcoma group 
was 65 years (range 53 to 73 years), which 
is considerably older than that of patients 
with seminoma (fourth decade). 

Figure 1 shows the age frequency distri- 
bution of the three major groups (1, 11, and 
Iv) in the Hartford Hospital study. Semi- 
noma (Group 1) appears to stand apart 
from Groups 11 and tv in age of onset and 
range. Both Groups 11 and 1v have a similar 
age distribution, 7.e. between the third and 
fourth decades with a smaller range. Figure 
2 is a bar graph illustration of the same 


TABLE I 


CLASSIFICATION OF GERMINAL TESTICULAR TUMORS 
(AFTER DIXON AND MOORE?) 








Seminoma alone 

Embryonal carcinoma with or without 
seminoma 

Group III. Adult teratoma 

Group IV. Teratocarcinoma with or without semi- 
noma, embryonal carcinoma or chorio- 
carcinoma 

Choriocarcinoma with or without semi- 
noma or embryonal carcinoma 


Group I. 
Group II. 


Group V. 





data which shows that 40 per cent of the 
germinal testicular tumors occurred in the 
fourth decade and 82 per cent between 20 
and 49 vears, which is in close agreement 
with the figures of Dixon and Moore? In 
Table 11 a comparison is made of the fre- 
quency of the § tumor groups between the 
Hartford Hospital study and the Dixon and 
Moore series. Only 1 case each was classi- 
fed in Group m1 and v in the Hartford 
Hospital series. 

The most frequent initial symptom 
(Table 111) was painless swelling of the in- 
volved testis. Approximately 10 per cent of 
the patients had initial symptoms indica- 
tive of metastases. The majority of the 
patients had symptoms of 1 week to 3 
months' duration prior to diagnosis, while a 
few patients gave a history of long-standing 
testicular enlargement up to 8 years’ dura- 
tion with rapid growth within 1 to 3 months 
of diagnosis (Table rv). 

Orchiectomy with a high amputation of 
the spermatic cord was the primary oper- 
ative procedure in all the cases of this 
series with the exception of a single patient 
who expired without treatment. Multiple 
sections of the testis and a high percentage 


* From the Department of Radiology, Hartford Hospital, Hartford, Connecticut. Presented before the New England Roentgen Ray 


Society, April 9, 1963, Boston, Massachusetts. 


f Formerly, Resident in Radiology, Hartford Hospital, now at the Elliot Hospital, Manchester, New Hampshire. 


t Associate Pathologist, Hartford Hospital. 


$ Senior Staff Radiologist and former Chairman of the Department of Radiology, Hartford Hospital. 
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AGE DISTRIBUTION 


Fic. 1. Age-frequency distribution of 
Groups I, 11 and Iv. 


of the spermatic cord specimens were exam- 
ined for tumor content. A few of the sper- 
matic cords showed involvement by tumor. 


PREOPERATIVE HORMONE 
DETERMINATIONS 

Thirty patients had preoperative urine 
hormone studies, including prolan A, Asch- 
heim-Zondek, and Friedman tests. Twenty- 
five of the studies done were prolan A de- 
terminations. 

Table v gives the test results and 5 vear 
survival figures by group. Approximately 
40 per cent of the tests were found positive, 
suggesting the continued usefulness of 
urinary hormone studies in the differential 
diagnosis of testicular masses and metastat- 
ic disease of undetermined etiology. 


TABLE II 


COMPARISON OF THE FREQUENCY OF 
GERMINAL TUMORS BY GROUP 











Group (93 cases) (832 cases) 

Per Cent Per Cent 
| 53 41 
I! 28 30 
III | 9 
IV I I9 
V I I 
100 100 
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Fic. 2. Age-frequency distribution of germinal 
testicular tumors (93 cases). 


Although the number of cases studied in 
Group 1 is small, the results would appear 
to indicate that the presence of hormone 
means a poorer prognosis. In view of the 
fact that hormone production is not be- 
lieved to be associated with seminoma, it 1s 
entirely possible that these cases represent 
mixed tumors. No prognostic value was 
shown by the test in the other groups. 


UNDESCENDED TESTES 


Five patients developed germinal tumors 
in undescended testes. Three of these pa- 
tients had undergone orchipexy proce- 
dures: one at the age of 7 years and 2 at the 
age of 16 years. Three of the patients had 
Group 11 tumors, 1 each in Group Iv and 
Group 1. Two additional patients with the 


Taste Ill 


INITIAL SYMPTOM (85 PATIENTS) 


Per Cent 








Firm painless enlargement of testis 60 
Painful enlargement of testis 24 
Groin pain 6 


Remaining Io per cent 
Low back pain Posterior thigh pain 
Weight loss and fatigue Left supraclavicular mass 
Epigastric mass Paresthesia of left arm 
Buttock pain Substernal pain 
Iliac crest pain Hemoptysis 
Gynecomastia 


TABLE IV 


DURATION OF SYMPTOMS BEFORE DIAGNOSIS 
(65 PATIENTS) 








Per Cent 





Less than 3 months 55 
3-6 months I4 
6-12 months I4 
1-2 years LI 
More than 2 vears 6 

100 





opposite testis arrested in the inguinal canal 
developed Group 11 tumors in the descended 
testis. One of the excluded cases showed 
primary manifestation of lymphoma in an 
undescended testis. 

Five patients developed second primary 
tumors, including Hodgkin's disease, car- 
cinoma of the colon, carcinoma of the bil- 
lary tree, carcinoma of the gallbladder, and 
carcinoma of the penile urethra. This is an 
expected figure considering both the size of 
the series and the ages of these particular 
patients. 

AUTOPSY FINDINGS 

Seventeen of the 93 patients in this series 
came to autopsy (lable vr). One patient 
with a pretreatment diagnosis of seminoma 
showed no gross or microscopic evidence of 
a recurrent tumor. In the remaining 16 
cases, 87 per cent were found to have retro- 
peritoneal lymph node metastases and of 
these 50 per cent had mediastinal lymph 
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TABLE VI 


AUTOPSY FINDINGS (16 PATIENTS) 











Tumor Present 


Metastatic Site | 
(per cent) 





Para-aortic lymph nodes 87 
Lungs 75 
Mediastinum 50 
Liver 50 
Kidneys 44 
Bone 39 
Adrenal glands oF 
Iliac lymph nodes pas 
Brain 25 
Ureters and bladder 18 


Less than 10 per cent 


Skin Gastrointestinal tract 
Local recurrence Pancreas 
Spleen Inguinal and femoral 


lymph nodes 
Myocardium 





node involvement. In 75 per cent of the 
cases pulmonary metastases were found: 
half of these patients had mediastinal me- 
tastases and over half had liver metastases. 
The urinary tract showed evidence of in- 
vasion in 55 per cent of the autopsied cases. 
Bone metastases were present in a signifi- 
cant number of cases involving the dorso- 
lumbar spine, metatarsals, ribs, skull and 
proximal long bones. The patient with 
metastases of the long bones was found to 
have widespread lymph node, pulmonary 
and hepatic metastases as well as invasion 
of both the stomach and duodenum. 
These findings clearly point out the pro- 


TABLE V 


PREOPERATIVE HORMONE DETERMINATIONS 











Results 





Bises No. of Postita Per Cent 5 Year Per Cent 5 Year 
l : : "C : . A md 
TUM Patients Survival Negative Survival 
I 13 4 25 9 78 
Il II 4 25 7 Ij 
II I I Alive without — — 
Disease 
IV 4 3 O I 
V I I O Ss yas 
Totals 30 13 


VoL. 92, No. 1 


gression of disease from the retroperitoneal 
lymph nodes to the mediastinum and 
thence to the lungs, liver, etc. A significant 
observation is the high percentage of 
mediastinal metastases when retroperi- 
toneal disease is present. This fact may ac- 
count for the low survival rate among pa- 
tients with retroperitoneal metastases ir- 
radiated through iliac and lumbar ports 
alone. It also supports our current concept 
of treating the entire lymphatic chain ini- 
tially. 


RADIATION THERAPY FACTORS 


The techniques employed at the Hart- 
ford Hospital in the treatment of testicular 
tumors have gradually changed over the 
past 32 years. A small group of the patients 
treated in the early years of the study re- 
ceived tumor doses of less than 1,000 r de- 
livered to both iliac areas and the lumbar 
region through anterior and posterior ports. 
The physical factors in the period of 1928 
to 1945 were 200 kv. peak, focus skin dis- 
tance 50 cm., with filtration ranging trom 
0.5 mm. Cu and 3 mm. Al to 2 mm. Cu. 
From 1945 to 1955 Thoreus 11 filtration 
with 250 kv. peak, focus skin distance 5o 
cm. was used until replaced in December, 
1954 by a cobalt 60 rotational theratron 
unit with 75 cm. source tumor distance and 
12 mm. Pb filtration. Field sizes employed 
over the last 15 years were anterior and 
posterior iliac ports of 10 cm.X15 cm. 
(3 cm. off midline to side of lesion), and 8 
and IO cm.X17 cm. ports to lumbar area 
both anteriorly and posteriorlv. The vast 
majority of the patients received treatment 
to the iliac and para-aortic lymphatic 
drainage areas to the level of D12. Our cur- 
rent treatment plan is to irradiate the en- 
tire lymphatic chain from the iliac region 
to the left supraclavicular fossa, including 
the mediastinum. Anterior and posterior 
stationary ports at o^ and 180^ are pre- 
ferred. 


RADIATION THERAPY COMPLICATIONS 


The patients receiving orthovoltage 
therapy were treated with a minimum of 
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filtration and had frequent “moist” skin 
reactions, nausea, vomiting and diarrhea, 
sufficiently severe to necessitate hospital 
admission and supportive care in several 
instances. One patient. developed a high 
small bowel obstruction 12 years after 
therapy and was found to have severe 
fibrosis of the third portion of the duo- 
denum with a prune pit lodged at the site of 
stenosis. 

No significant complications with cobalt 
60 therapy were noted. Induration of the 
umbilicus and surrounding subcutaneous 
tissue in several instances caused confusion 
as to whether or not diffuse abdominal dis- 
ease was present. 

STAGING OF DISEASE 

Patients with germinal testicular tumors 
were classified into two stages in Groups 1, 
II, and Iv, according to the extent of disease 
at the start of therapy. In Stage 1 the tumor 
was limited to the testis, epididymis, or 
spermatic cord without evidence of regional 
lymph node metastases or systemic disease. 
Stage ir simply included the remaining 
cases, where the disease was present in an 
advanced state, 7.e., extension to the re- 
gional lymph nodes, bloodborne metasta- 
ses, etc., as determined by the deviation of 
ureters on the retrograde urogram, hydro- 
nephrosis or nonfunction of kidney noted on 
the intravenous pyelogram, positive report 
on biopsy, and physical findings of palpable 
disease. 


RESULTS 
GROUP I 


In Group 1 (seminoma alone) all of the 
patients were diagnosed by orchiectomy. 
Twenty-five patients were classified as 
Stage 1; of this number 1 was lost to follow- 
up and 3 had an orchiectomy procedure 
alone. The 3 year interval after completion 
of radiation therapy was noted to be par- 
ticularly significant. 

In Stage 1 the 3 year and 5 year survival 
rates were found to be identical (go per 
cent) and the Io year survival figure was 
85 per cent (Fig. 3). The 3 patients treated 
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0 5 10 


FOLLOW-UP AT 5 AND 10 YEARS 


ic. 3. Group 1: Stage 1. Per cent survival 
figures with radiation therapy. 


by orchiectomy alone all survived more 
than 10 years; however, the need for radia- 
tion therapy in germinal tumors is attested 
to by the presence of advanced disease in 
more than 40 per cent of Group 1, 70 per 
cent of Group 11 and 80 per cent of Group 
IV cases. Two of the 3 patients who died of 
disease developed metastases in the medias- 
tinum and lungs which were not included 
in the primary treatment fields. The third 
patient died of recurrent abdominal tumor 
5 years and 3 months after an unusual 
course of radiation therapy to the entire 
trunk delivered in 4 divided doses (100 r in 
Am). 

In the Stage r1 classification of Group 1, 
there was a total of 20 patients, 1 of whom 
had a radical retroperitoneal lymph node 
dissection with positive lymph nodes and 
died in less than 3 years after receiving only 
palliative thoracic therapy. Fifty-eight per 
cent of this group were alive and free of dis- 
ease at 5 years (Fig. 4). Five of the 8 pa- 
tients who died of disease had a recurrence 
of retroperitoneal tumor after an estimated 
tumor dose of less than 2,000 r, 2 patients 
died of metastases occurring in untreated 
areas (lungs and mediastinum), and 1 pa- 
tient with an initial tumor which was mas- 
sive in size died of recurrent disease. 

A scatter diagram depicting the relative 
time-tumor dose relationship bv survival is 
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FOLLOW UP AT 5 AND 10 YEARS 


FIG. 4. Group 1: Stage 11. Per cent survival 
figures with radiation therapy. 


shown in Figure 5, including all cases of 
Group r in which the treatment factors were 
known. The over-all results of radiation 
therapy in Group I at § and 10 years are 
given in Figure 6. 

The distribution of survivors in the over- 
all group would seem to indicate that a 
minimum tumor dose of 2,000 r within 28 to 
42 days 1s cancerocidal. This finding is im- 
portant since only 3 deaths from disease 
occurred after tumor doses of 2,500—3,500 f. 
Two of the patients mentioned above died 
of disease in untreated areas (mediastinum 
and lungs) and 1 of recurrent bulky disease 
after a tumor dose of 3,500 r. Àn optimum 
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tumor dose with both cobalt 60 and ortho- 
voltage therapy would appear to be in the 
2,500 to 3,500 r range, which is low enough 
to avoid most of the treatment complica- 
tions which are described in the literature. 

Figure 7 shows the tumor dose-time sur- 
vival relationship utilizing cobalt 60. This 
small group includes only 2 Stage 11 cases; 
therefore, the remarkable cure rate is prob- 
ably one of selection. The major advantage 
of supervoltage therapy in Group 1 would 
appear to be a decrease in the total elapsed 
time of therapy, which is of great value now 
that we treat the entire lymphatic drainage 
area. 

GROUP II 

Group 11 tumors (embryonal carcinoma 
with or without seminoma) have a consid- 
erably different and poorer prognosis than 
those in Group I. Twenty-six patients in the 
series had a histologic diagnosis of embryo- 
nal carcinoma alone or with seminoma. Two 
cases were lost to follow-up. Four patients 
of this group underwent orchiectomy as the 
only primary treatment and all are dead of 
disease. One patient with generalized car- 
cinomatosis received onlv palliative thorac- 
ic irradiation for dyspnea. 

The remaining 20 patients received a full 
course of radiation therapy following re- 
moval of the primary tumor. Of this num- 
ber, 3 patients had radical retroperitoneal 
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Fic. 6. Group 1. Per cent survival figures with 
radiation therapy (Stage 1 and 11). 
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with Co*? therapy. 


lymph node dissections with positive 
lymph node involvement followed by radia- 
tion therapy. Survival figures are given in 
Figures 8, 9, and Io. 

The similarity of the survival percentages 
between Stage 1 and Stage 11 in Group 1 
suggests that a more sensitive method of 
detecting retroperitoneal metastases is 
needed. Our recent experience with percu- 
taneous inferior vena cavagraphy at the 
Hartford Hospital has convinced us that 
this procedure will take its place as one of 
the routine studies for staging the disease 
in our institution. 
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FOLLOW-UP AT 3 AND 5 YEARS 


Fic. 8. Group 11: Stage 1. Per cent survival 
figures with radiation therapy. 
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Fia. 9. Group 11: Stage u. Per cent survival 
figures with radiation therapy. 


The estimated tumor doses were essen- 
tially the same as for Group 1 cases. 


GROUP II 


Group 11 included a single case of adult 
teratoma, aged 21 years, with a survival of 
more than Io years free of disease. 


GROUP IV 


Group Iv cases which had the poorest 
prognosis of the study represented for the 
most part mixed tumors, predominantly 
teratocarcinoma paired with embryonal 
carcinoma. Sixteen patients were included 
in this group, of whom 3 had localized 
tumor and 13 had advanced disease. Clini- 
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Fic. 10. Group n: Stages 1 and m. Per cent 
survival figures with radiation therapy. 


cal complications were especially striking in 
this group, including massive gastrointes- 
tinal hemorrhage from invasion of the duo- 
denum, spinal cord compression from extra- 
dural metastases and esophageal obstruc- 
tion. 

A summary of the results of various 
modalities of treatment is given in Table 
vir. Figure 11 shows the over-all 3 and 5 
year survival figures which are at best dis- 
appointing. A number of these patients 
received chemotherapy which resulted in a 
minimal degree of palliation. It would seem 
from these findings that radical retroperi- 
toneal lymph node dissection combined 
with radiation therapy offers the best prog- 
nosis. 


Tase VII 


GROUP IV: METHODS OF TREATMENT AND RESULTS 


No. of 3 Years 5 Years 
Patients alive Ded. Alive Ded 
Orchiectomy alone 4 4 — — 
Orchiectomy and radiation therapy Fi 6 I* o (*Dead of disease) 
(12 yr. 3 mo.) 
Orchiectomy and RRLND* 3 I 2 o 
Orchiectomy and RRLND and 
radiation therapy 2 I I O 
Totals 16 I2 4 o 


* Radical retroperitoneal lymph node dissection. 
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Fic. 11. Group tv. Per cent survival figures with 
all forms of therapy. 


GROUP V 


A single 45 year old patient with a his- 
tologic finding of choriocarcinoma with em- 
bryonal carcinoma was placed in Group v. 
This patient was dead of disease within 4 
months. 


CONCLUSIONS 


1. The Dixon and Moore classification of 
germinal testicular tumors presents a ra- 
tional grouping of these neoplasms which 1s 
helpful in determining prognosis and plan- 
ning therapy. 

2. Germinal tumors have their highest 
incidence in the fourth decade. The Group 
II and 1v cases occur at an earlier age than 
those in Group I. 

3. Lymphomas are not infrequently mis- 
diagnosed as seminomas and should be 
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carefully excluded by appropriate tissue 
staining methods. 

4. The urinary hormone determination 
still has a definite place among the diagnos- 
tic procedures. It may give an indication as 
to prognosis in tumors classified as semi- 
noma. 

None of the germinal tumors is to be con- 
sidered incolent in view of the fact that 
over 40 per cent of the Group 1, 70 per cent 
of the Group 11 and 80 per cent of the Group 
Iv cases have advanced disease at the time 
of diagnosis. 

It is apparent from the above data that 
the minimum tumor dose for Group I (semi- 
noma) is 2,000 r and that the entire lym- 
phatic chain from the iliac area to the left 
supraclavicular fossa should be irradiated 
initially. 

The over-all 5 year survival figures with 
radiation therapy for Group I are 75 per 
cent, Group 11 43 per cent and Group Iv 25 
per cent. 

Stanley D. Fons, M.D. 


795 Elm Street 
Manchester, New Hampshire 
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CHROMOPHOBE ADENOMAS OF THE 
PITUITARY GLAND* 


By GLENN E. SHELINE, M.D., EDWIN B. BOLDREY, M.D., 
and THEODORE L. PHILLIPS, M.D. 


SAN FRANCISCO, CALIFORNIA 


no chromophobe adenomas 
are the most frequently encountered 
of the pituitary tumors and have been the 
subject of many reports, opinions regarding 
optimum therapy differ. Whereas most 
authors rely upon irradiation to control the 
growth of these adenomas, views vary on 
the necessity of preliminary operative de- 
compression. Davidoff and Feiring? prefer 
administering primary radiation therapy 
when a chromophobe adenoma is suspected. 
They reserve surgical operation for those 
patients with advanced visual loss, clini- 
cally atypical findings, radiation failure, or 
recurrence. kerr and Correa and Lampe? 
reported satisfactory responses in a ma- 
jority of patients treated by irradiation 
alone. Both groups of patients, however, 
were so selected that many with the poorer 
prognoses were initially treated by opera- 
tion. By contrast, Mogensen?? of Denmark 
used surgery on all chromophobe adenomas 
with postoperative radiation therapy added 
only in a selected few. 

In 1946, McWhirter e al." made the sur- 
prising statement that “chromophobe ad- 
enomas are no longer treated by radio- 
therapy for no conclusive evidence of their 
response to treatment has been obtained." 
Later, however, McWhirter and Dott!5 
stated that some chromophobe adenomas 
of the pituitary are radiosensitive and since 
surgical removal is never complete, sug- 
gested irradiation follow surgical decom- 
pression. Henderson? found that in Cush- 
ing’s series, the § year control rate increased 
from 57.5 to 87.1 per cent when radiation 
therapy followed the transfrontal opera- 
tion. On reviewing Olivecrona’s patients, 


Bakay! found “‘a rate of recurrence of 10 to 
15 per cent." Most of these patients had 
been irradiated postoperatively. Rich- 
mond" and Heimbach® used radiation 
therapy after operative decompression for 
chromophobe adenomas. Authors advo- 
cating primary surgery for these adenomas 
generally emphasize the advantages of 
histologic verification of diagnosis and of 
immediate decompression. They accept the 
operative mortality and morbidity as a 
warranted risk. 

At the University of California Medical 
Center, San Francisco, primary operation 
usually has been performed whenever a 
chromophobe adenoma of the pituitary 
gland was suspected. The majority of these 
patients also received postoperative radia- 
tion. A small number has been treated by 
radiation alone, and a few, for one reason 
or another, have received no therapy. The 
present authors will review the data and 
discuss the results obtained in 95 previously 
untreated patients with chromophobe ade- 
nomas of the pituitary. Some of these pa- 
tients were included in the review of Wise, 
Brown, Nattziger, and Boldrey.? 


MATERIAL AND METHOD 


The records of all patients with pituitary 
chromophobe adenoma seen at the Uni- 
versity of California Medical Center be- 
tween January 1, 1930 and December 31, 
1961, were reviewed. Of the total 149, 
records of 25 patients who had been treated 
elsewhere initially and referred here only 
for recurrence were discarded without fur- 
ther consideration. 

In 29 patients, 17 men and 12 women, the 


* From the Section of Therapeutic Radiology, Department of Radiology and the Division of Neurological Surgery, Department of 
Surgery, University of California School of Medicine, San Francisco, California. 
Presented at the Sixty-fourth Annual Meeting of The American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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diagnosis had been unsuspected and was 
not made until necropsy. Death resulted 
from cancer in 13, from cardiovascular or 
renal disease in 9, and from a variety of 
other causes in 7. In no case was death re- 
lated to the pituitary adenoma. Although 
in 22 of these patients the chromophobe 
adenoma was of only microscopic size, the 
other 7 pituitary glands were enlarged 
grossly. The records of the 7 with large 
glands were examined in detail. Symptoms 
of visual deficiency had been present but 
ignored in 3 patients and in another, 
roentgenograms gave evidence of an ab- 
normal sella turcica. 

The remainder of this paper will be con- 
cerned only with the 95 previously un- 
treated patients in whom the diagnosis of 
chromophobe adenoma of the pituitary 
gland was made clinically. In 84 patients 
the diagnosis was verified histologically. 
The clinical signs in the other 11 suggested 
chromophobe adenoma with typical visual 
field defects and enlarged sella turcicas. No 
evidence of acromegaly or of increased in- 
tracranial pressure was present. In none of 
the 11 did the roentgenogram show the cal- 
cification characteristic of a craniopharyn- 
gioma. 

Fifty-nine of the patients were men and 
36 women. This ratio is higher than in most 
reported series.*:*:292! The diagnosis in 52 
of the men, however, was verified histo- 
logically. Ages ranged from 20 to 72 years 
with 75 per cent of the patients in the 
fourth, fifth, or sixth decades of life at the 
time of diagnosis. 


SYMPTOMS AND FINDINGS 


As seen in Table 1, 66 (69 per cent) of the 
95 patients complained of blurred vision or 
of reduced visual acuity. A decrease in 
vision in a specific direction was described 
by 34 (36 per cent). Approximately one- 
half had experienced unusual headaches. 
Signs and/or symptoms of pituitary defi- 
ciency were noted in only 40 patients. This 
number undoubtedly would have been 
greater had current methods of endocrino- 
logic evaluation been applied to all patients. 
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TABLE I 
PRESENTING SYMPTOMS AND FINDINGS 
Symptoms or Find} No. of 
r ms or Findin 
Jp BS Patients 





Visual complaints 
Blurred vision and/or decreased acu- 


Ity 66 

Vision reduced in specific direction 34 
Unusual headaches 46 
Endocrinopathy* 

Amenorrhea I2 

Decreased libido or impotence 19 

Deficient secondary sex characteris- 

tics 5 

Hypothyroidism 18 

Increased water intake c 
Cranial nerve deficit 

Anosmia 2 

Visual field deficit(s) (normal fields 

in 4) 91 

C III, or C IV, or C VI palsy II 

Facial nerve palsy I 
Uncinate seizures 2 
Abnormal sella turcica (normal in 4; no 

data in 2) 89 
Suprasellar mass (pneumoencephalo- 

gram; arteriogram) 22 
Parasellar calcification 9 


* [nvolved a total of 40 patients. 


Visual field deficits were present in 91 pa- 
tients. Four patients with histologically 
proved chromophobe adenomas had normal 
visual fields. Of the 4 with normal fields, 
ballooning of the sella turcica was present 
in 2. In the other 2, the floor of the sella and 
the sphenoid sinuses were destroyed, indi- 
cating that the growth occurred primarily 
downward. The incidences of other cranial 
nerve deficits, uncinate seizures, abnormal 
sellae, and of calcification within the 
adenomas are given in Table 1. Review of 
the roentgenograms of the 9 patients in 
whom parasellar calcification was reported 
showed most commonly a curvilinear calci- 
fication which appeared to be in the capsule 
of the adenoma. Pneumoencephalograms or 
carotid arteriograms demonstrated a supra- 
sellar mass in only 22 patients, but many of 
the earlier patients had no such studies. 
Because of the occasional intrasellar sac- 
cular aneurysm which clinically may resem- 
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TABLE II 
DURATION OF SYMPTOMS 
Blurred U | Endo- 
Duration | Vision or | Blind A crine 
(months) | Reduced | Area | - oe - | Symp- 
Acuity SUR toms 
o—2 iz 5 IO — 
374 12 4 3 5 
5-8 5 5 13 3 
9-12 12 4 5 4 
13-24 9 7 3 3 
25-48 6 3 5 9 
49-100 2 4 3 
» 100 2 2 -— 2 





ble a pituitary adenoma,* angiography 1s 
used more commonly by us at this time. 
The value of pneumoencephalography in 
this problem is questionable. 

The duration of symptoms in all patients 
(Table 11) varied from a few days to more 
than 1o years. Visual symptoms or head- 
aches had been present less than 2 months 
in about one-fourth of these patients. In 
about 10 per cent of these, symptoms had 
been present for 4 years or longer. Symp- 
toms of endocrine deficiency, when present, 
tended to be of longer duration than symp- 
toms related to vision. Half the patients 
with endocrine deficiency had symptoms 
more than 2 years and Io per cent more 
than 8 years. 

Although bitemporal hemianopia is often 
described as the tvpical visual field defect, 
in only 35 of the present patients was the 
temporal half of both visual fields involved, 
and not alwavs were these deficits com- 
plete. Another 14 patients had bilateral 
superior temporal quadrant field deficits. 
The wide variety of visual field deficits in 
the rest of these patients is to be expected 
since the chromophobe adenoma often 
grows asymmetrically." 

* Dr. Grant Levin of San Francisco has permitted us to see one 
of his patients whose clinical and roentgenologic examinations 
gave evidence of an intrasellar mass. The patient’s first physician 
had presumed that this mass was a chromophobe adenoma, She 
was given radiation therapy and the visual fields were said to have 
improved temporarily. Following subsequent regression of the 
visual fields, Dr. Levin was asked to see the patient. Studies then 


showed this lesion to be a large saccular aneurysm within the sella 
arising from the carotid artery. 
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TREATMENT 


Operative decompression was done in 80 
patients (frontal craniotomy in 79 and 
trans-sphenoidal in. 1). Àn attempt was 
made to decompress the optic nerve, tracts 
and chiasm, and to remove as much of the 
adenoma as feasible. Rarely did the surgeon 
express belief that the adenoma was com- 
pletely removed. 

Forty-six of the 80 patients operated 
upon and 11 without surgical procedure 
received external radiation therapy. In 48, 
the radiation doses to the pituitary were 
calculated at between 2,000 and 5,500 r. 
Occasionallv, early in the series, doses were 
as low as 800 r and as high as 7,200 r. With 
3 exceptions, the radiation treatment was 
given as a single course. Thirteen patients 
were treated with 200 to 250 kv. p., 8 with 
400 kv. p., 34 with 1 mev., and 2 with 
cobalt 60 radiation. The daily dose to the 
pituitary was begun at around §0 to 75 r. 
It was raised gradually so that nearlv all 
patients averaged 600 to goo r per week to 
the pituitary. Visual fields were determined 
frequently, especially in those patients 
treated bv radiation alone. 

As suitable preparations became avail- 
able, endocrine replacement substances 
were administered as needed to control the 
manifestations of hypopituitarism. 

Frequency and duration of symptoms 
present before treatment were compared 
between patients postoperatively irradiated 
and patients not irradiated after operation. 
The incidences of visual complaints, un- 
usual headaches, and endocrine deficiency 
were about the same in both groups of pa- 
tients. The duration of symptoms was also 
similar in the two groups. Nearlv all pa- 
tients in both groups had abnormal sellae 
and visual field defects. Defects were 
limited to one-half of each visual field in 26 
of the 46 irradiated and in 18 of the 34 non- 
irradiated patients. In 6 of the irradiated 
and in 8 of the nonirradiated patients, 
visual losses approached blindness in at 
least one eve. The various findings at opera- 
tion were about as frequent in patients 
irradiated postoperatively as in patients not 
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irradiated after operation (Table 111). Thus, 
incidence or duration of the various symp- 
toms or clinical, roentgenographic, or 
operative findings apparently did not ap- 
preciably influence the decision for post- 
operative irradiation. Referral for radiation 
therapy appears to have happened by 
chance. 


FOLLOW-UP 


Of the g1 treated patients, 30 are known 
to have died. Of the remainder, 51 were ob- 
served during 1962 or later. Five others had 
been observed during the preceding 2 vears 
(Table 1v). Five patients, 4 treated by 
operation alone and 1 bv operation plus 
irradiation, are lost to follow-up. The num- 
ber of patients in each treatment group ob- 
served for 3, 5, and IO years is given in 
Table v. 

Thirteen. of the deaths in patients 
treated bv operation alone resulted from 
the operation or from uncontrolled disease. 
One patient in the group with radiation 
only and one of the operated on and irradi- 
ated patients died of uncontrolled tumor 
growth. The remaining 15 deaths were re- 
lated neither to the pituitary adenoma nor 
to its treatment. 


RESULTS AND DISCUSSION 


The results of therapy were evaluated 
primarily by the response of the visual 
fields (Table v and Fig. 1). Whenever the 
visual field data were inadequate or other 
evidence (e.g., increased bone destruction 
on roentgenograms) more clearly reflected 
the course of the disease, such additional 
evidence was utilized. 


OPERATION ONLY 


Seven of the 34 patients treated bv oper- 
ation alone died of causes arising from the 
initial operative procedure. In one patient 
there was no observation after discharge 
from the hospital. The disease progressed 
without significant remission 1n 4. After a 
period of postoperative quiescence in 5 
others, symptoms and findings recurred in 
4. Of the 17 patients improving postopera- 
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Taste III 


EXTENT OF ADENOMA AS FOUND AT OPERATION 


Incidence According 
to Treatment 








Adenoma Involved Operation | 
md Operation 

Irradiation Alone 
Optic chiasm 16 LI 
Optic nerve(s) 38 26 
Ruptured capsule | $ 
Carotid artery 9 3 
To tip of frontal! lobe | — 
Temporal lobe I I 
Posterior fossa I I 
Tip of petrous ridge* 3 I 
Nasal septum I — 











* Roentgenographic finding. 


tively, 11 have had recurrences. Thus, of 
the patients treated by operation alone, 19 
either were not benefited or have known 
recurrences, and there were 7 postoperative 
deaths. Two of those with recurrence have 
subsequently died from re-operation and 
4 others from uncontrolled growth of the 
adenoma. Of the 7 remaining under obser- 
vation and currently without evidence of 
recurrence, only 3 have been observed for 3 
years and 2 for § years. 


TABLE IV 


PRESENT STATUS OF FOLLOW-UP 





























Form of Therapy 
Status of | Opera- | Irrad; 
Follow-up | tion and | Operation | “1391 | N 
Irradi- | Alone a | SEN 
ation is 
Lost (before 
1960) I 4 O 5 
Dead (iy 18 (13)* $ (1) O 
Observed in 
1960-1961 | 3 2 O O 
Observed in 
1962-1963 | 35 10 6 I 
Total 46 34 | II 4 











* Number in parenthesis is number of deaths due to the 
pituitary adenoma or to its treatment. 
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RESULTS OF PRIMARY TREATMENT 
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JuLY, 1964 


No 


























Quiescent Period Initial Improvement 























is, pe of 5 $ od lherapy | m 
N Fri "Ser Ye hd | Death No Later No Later 
(No. of Fatients) tion OERI | Recurrence* | Recurrence | Recurrence* | Recurrence 
——À - - — | 
Operated only | 4 7 I 4 6 B 
(34) | (o 21 yr.) (2210 yr.) 
| | | (32 3 yr.) 
T N | pande ip | ! f i 
Operated and O 2 O I5 1 2x 2 
Irradiated ( >to vk | ( 82 10 yr.) 
(46) | (102. 5 yr.) (172 5 yr.) 
| (12> 3 yr.) | (21 Sy) 
è | 
[rradiated onlv O O O 3 2 | 5 
(11) (125 yr.) (2210 yr 
(23 yf.) (J 3 
Lx s. i re) a | ss codd d m indc i | Dow idc 
None | O — 3 O = — 
(4) (1>10 yr.) 
| | | (3> 3y | 


* Data in parentheses indicate the number of patients followed for stated interval. 


Twenty-five patients were operated on 
previous to December 31, 1956. Five of 
these died due to the operation. After 5 
vears, 4 of the remaining 20 patients were 





without recurrence (2 of these recurred 
VISUAL FIELD DEFECTS 
| one Eve C) G OTHER EYE (|) C3 NUMBER 
4 4 
BR, paw! 4 
@- 4 
$ O:, Ba; (pr 15 
9 @: 2 
O OQ. d2 oD! + 
a Buy, (ps 20 
« P» 2 
[| a LE D5; 9 2; 9? 40 | 


—— 


lic. 1. Schematic representation of extent of visual 
field defects. A thin circle indicates a normal visual 
field, a thick circle concentric narrowing of the 
visual field, and a solid black circle blindness. The 
other defects are represented as affecting I, 2, or 3 
quadrants, whichever more closely describes the 
findings. "T" means the temporal and "S" the 
superior half of the field. 


within the sixth year). Fourteen others had 
evidence of recurrence and 2 were lost. 


OPERATION AND POSTOPERATIVE RADIATION THERAPY 


The results in the 46 patients who re- 
ceived postoperative irradiation are obvi- 
ously better. Only in 2 patients of this 
group did the disease continue to progress 
after treatment and there was only one 
death from uncontrolled growth of the 
adenoma. In 44 (96 per cent) a period of 
quiescence or of actual improvement was 
produced. Of the 39 (85 per cent) who have 
shown no recurrence to date, 33 have been 
followed for at least 3 years, 27 for 5 years, 
and 13 for 10 years or longer. 

Of 34 patients observed 5 vears after 
treatment, 2 with advanced lesions had 
faled to improve, in 4 recurrence had 
developed, and 28 (83 per cent) have re- 
mained controlled. These results are con- 
sistent with the 87.1 per cent 5 year con- 
trol rate in Cushing's? patients similarly 
treated by transfrontal operation and ir- 
radiation. 

In the present series, 50 per cent of all 
recurrences were diagnosed within 3 vears 
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and 75 per cent within 5 years of the time of 
treatment. Henderson? reported that 7o 
and 95 per cent of the adenomas in Cush- 
Ing's patients recurred within 3 and 5 vears, 
respectively. Bakay! found that 17 of 20 
recurrences in Olivecrona's patients were 
within 5 years. Therefore, few recurrences 
are expected in those controlled 5 years or 
longer and the higher rate of control after 
postoperative irradiation in the present pa- 
tients may be expected to persist. 


IRRADIATION ONLY 

In § of the 11 patients treated bv irradia- 
tion alone, tumor growth was apparently 
arrested and the other 6 patients showed 
clinical improvement. Of those 11 patients, 
8 are still controlled. Three of the 8 have 
been observed 5 years or longer. The 3 pa- 
tients with subsequent evidence of recur- 
rence were found at later surgery (2 cases) 
or necropsy (1 case) to have cystic adeno- 
mas. All recurrences were evident within 1 
year after radiation therapy. 

Of the 8 patients with tumors that re- 
main controlled by irradiation alone, 7 had 
pretreatment visual field deficits limited to 
the superior temporal quadrant(s). This 
seemingly increased preference for primary 
radiation therapy in patients with minimal 
visual deficits results from referral of other 
patients only after operative decompres- 
sion. 

Correa and Lampe? treated 64 selected 
chromophobe adenomas by irradiation with 
satisfactory results in £6 per cent. Horrax!? 
treated 66 selected patients by irradiation 
and reported an 88 per cent control rate. 
Many of Horrax's patients, however, were 
observed only about 1 year. In 41 per cent 
of a selected group of patients treated by 
Davidoff and Feiring’ with irradiation only, 
vision deteriorated further after treatment. 
These authors, however, used repeated 
small courses of radiation rather than the 
single, more intensive course now generally 
recommended.” Kerr," in 1948, reported 
good or excellent results in 70 per cent of 37 
patients in whom chromophobe tumors 
were treated by irradiation only. Although 
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most of his clinically diagnosed pituitary 
chromophobe adenomas were irradiated, 
Kerr excluded from treatment those pa- 
tients too ill or nearly blind and mentally 
deteriorated. Radiation therapy was also 
deferred in patients with increased intra- 
cranial pressure or in whom cyst formation 
or recent hemorrhage was suspected. Des- 
pite his selectivity, Kerr’s patients included 
7 with partial or total blindness in one or 
both eyes. Incidentally, treatment of these 
7 patients improved vision in 2, apparently 
arrested disease in 2 others, and failed to 
control it in 3. 

Subsequent necropsy or operation con- 
firmed the diagnosis in 4 of the 11 patients 
in this series receiving primary radiation 
therapy. The other 7 are alive and well and 
the diagnosis remains presumptive. No 
errors of diagnosis are known. That risk of 
mistaken clinical diagnosis exists, however, 
is evidenced by 2 of Kerr’s patients in 
whom subsequent events proved one lesion 
to be a carcinoma of the pineal gland and 
the other a Ewing’s sarcoma. 

Since the diagnoses without biopsy were 
probably correct in most of the present pa- 
tients and in those reported by Kerr,!! Cor- 
rea and Lampe,’ and Davidoff and Feiring,’ 
radiation therapy alone is effective for 
many chromophobe adenomas. In this and 
these other series, however, surgical pro- 
cedures have generally intervened in the 
patients with the poorer prognoses. Because 
of this selectivity of patients to be treated 
by either method, it is difficult to compare 
the effectiveness of irradiation alone and 
operative decompression and irradiation. 


RADIATION DOSE VERSUS CONTROL RATE 


Of those patients treated bv irradiation 
alone (Table v1), 3 of the 5 with doses of 
less than 4,000 r had evidence of recurrence 
within 1 year. The other 2 (2,000 r and 
3,100 r, respectivelv) have been controlled 
for periods of 10 and 141 years. In 5 of 6 
with higher doses observed from 11 to 6 
years, tumors have not recurred; the sixth 
patient died of coronary disease at 6 
months. Since all failures in patients treated 
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Tase VI 


RADIATION DOSE VERSUS CONTROL RATE 


Treated by 
Pituitary Dose 


(r) 


600-1 ,999 
2,000—2,999 
3,000—3,999 


4,00074,999 
5,00075,500 
25,500 


by irradiation alone occurred in those with 
cystic lesions, these failures cannot be at- 
tributed to dose. 

Of more significance are the eventual 
failures in 6 patients of 19 irradiated post- 
operatively with doses less than 4,000 r. In 
27 patients with a larger dose, only 1 failure 
occurred. Furthermore, this patient's huge 
infltrating tumor extended into the tem- 
poral lobe and forward to the tip of the 
frontal lobe. 

These data suggest that although lower 
doses may suffice, those of 4,000 to 6,000 r 
control the chromophobe adenoma more 
reliably. Actually, 4,000 r is apparently 
adequate and, because of possible radiation 
complications, we now prefer a dose no 
higher than 4,500 to 5,000 r. Schneider and 
Rios? also obtained better results with 
higher doses. They reported improvement 
in 14 of 16 patients treated with doses of 
about 4,000 r, but in only 4 of 10 receiving 
2,200 to 3,500 r. Of Horrax's!? patients 
treated with pituitary doses of 2,000 to 
2,500 r, 62.9 per cent required subsequent 
operation but only 12.1 per cent of those 
receiving doses of 4,000 r. His data are 
dificult to interpret since both chromo- 
phobe and acidophilic adenomas were in- 
cluded and the observation period of many 
of the higher-dose patients was insufficient. 
Kerr™ found no difference in results on de- 
creasing doses of between 3,000 and 3,600 r 


Operation and Irradiation 




















Jurv, 1964 
Treated by 
Irradiation Alone 
Failure Control Failure 
I 1 2 
3 —7 an 
2 I I 
o 5 o 
© I o 
I (7,200 r) — — 
jg 3 


to about 2,400 r during the last 5 years of 
his series. 


RECOVERY OF VISUAL FIELDS 


The ability of nerve tissue to recover 
from the effects of pressure or invasion by 
the tumor was next evaluated. This analy- 
sis was based only on the response of the 
visual field during the first few months fol- 
lowing treatment. It is not a measure of the 
final result of treatment. For example, dis- 
appearance of a visual field defect was re- 
garded as a recovery even if recurrence or 
other complication took place. For this 
evaluation, useful preoperative and post- 
operative data were available in 72 cases. 

Operative decompression alone resulted 
in no, partial, nearly complete, or complete 
visual field recovery in 32, 40, 14, and 14 
per cent, respectively (Table vir). The cor- 
responding data for those who also received 
postoperative irradiation are 46, 16, II, 
and 27 per cent (Table vix). The results in 
these 2 groups of patients are probably not 
significantly different. Since in most pa- 
tients the early response is due to the opera- 
tive decompression, this result is to be ex- 
pected. 

With visual symptoms of less than 6 
months' duration, visual field deficits in 21 
of 40 patients recovered completely or al- 
most so (Table vix). Although visual fields 
improved in 2 patients with symptoms 
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Taste VII 








VISUAL FIELD RECOVERY AFTER TREATMENT 














Visual Field Recovery 














Type of Treatment 
None 
Operation 3207 
Operation and Irradiation 46% 














Partial Near Complete Complete 
of 07 07 
40 70 1470 1470 
07 O7 (9-507 
16% II7o 27/0 








present more than 2 years, the frequency 
and extent of improvement decreased as 
duration of symptoms increased. 

In those showing improvement after 
surgical decompression, the improvement 
was evident within 2 weeks in 42 per cent, 
within 1 month in 70 per cent, and within 3 
months in 97 per cent. For comparison, 3 
of the 6 patients who improved with ir- 
radiation alone did so during the 6 to 8 
week course of therapy and 1 by the end of 
treatment. In the other 2, improvement was 
evident 2 weeks and 2 months, respectively, 
after treatment. In spite of such improve- 
ment, the response in many patients, how- 
ever, was not complete for several months 
after either form of therapy. In patients re- 
ceiving irradiation alone, early evidence of 
improvement is of value in that it lends 
support to the continuation of radiation 
therapy without intervening surgically. 
Chamlin and Davidoff! have cautioned 








against early interpretation of results of 
radiation therapy. They emphasized that 
improvement may appear during the first 
6 months after irradiation and continue for 
à year or more. 


CYSTIC ADENOMAS 


Thereported incidence of cysts inchromo- 
phobe adenomas of the pituitary gland 
varies from Io to 40 per cent.?:!?? Hender- 
son? found that hemorrhagic cysts occurred 
more frequently than the xanthochromic 
type. In the current series, 30 per cent of 
the adenomas were cystic (Table 1x), but 
only 9 of 24 cysts were hemorrhagic. Inter- 
estingly, about half of those patients re- 
operated on for recurrence had cystic 
tumors regardless of whether the initial 
adenoma was or was not cvstic. 

The duration of visual symptoms in the 
patients with hemorrhagic cysts varied 
from a few days to 12 months and averaged 


TABLE VIII 


VISUAL FIELD RECOVERY AS RELATED TO DURATION OF VISUAL SYMPTOMS 























Duration of ait 
Patients with 





Visual Field Recovery after Treatment? 








Vis al S f t np 
Isual Symptoms Field Defects 





(mo.*) None 
None 6 2 
0-2 I4 4 
22-6 20 6 
76-12 8 3 
7 12-24 16 8 
>24 8 6 
Total 72 | 29 








Partial Near Complete Complete 

I p 

O I 3 

I 3 6 

6 2 6 

3 o 2 

6 2 O 

2 O O 

18 | 8 I? 








\ 











—— 


* Time calculated from beginning of symptoms or from time of rapid accentuation of symptoms, whichever was shorter. 


T Includes all patients operated upon for whom adequate data are available. 
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TaBLe IX 


OCCURRENCE OF CYSTS IN OPERATED PATIENTS 


No. 
Operated 
On 


Initial operation 

Reoperation 
Initially cystic 
Initially noncystic 


2 months. When cysts were nonhemor- 
rhagic, the time ranged from 2 to 48 months 
and averaged 19 months. Duration was cal- 
culated either from the onset of the first 
visual symptom or from the time of rapid 
accentuation, whichever was shorter. 

It is generally agreed that radiation 
therapy is unlikely to influence the cystic 
adenoma. A search for some basis upon 
which the presence or absence of a cyst 
could be predicted before operation, there- 
fore, was of interest. As seen in Table x, no 
correlation existed between cyst incidence 
and total duration of symptoms. In order 
to examine the possibility of a relationship 
between tumor size and the presence of a 
cyst, the lesions were grouped as follows. 
An adenoma was considered "small" if the 
'sella turcica was only slightly enlarged and 
/or the visual field defects were limited to 
.one quadrant of.each eye. It was consid- 
ered "large" 1f any or all of the following 
conditions existed: destruction of the floor 


TABLE X 


CYST OCCURRENCE AS A FUNCTION OF 
DURATION OF SYMPTOMS 


Total Duration 
of Symptoms 


Cyst 
Incidence 


2 (17%) 
5 (50%) 
3 (20%) 
6 (33%) 
5 (3895) 
3 (25%) 


24 (30%) 








JuLy, 1964 
Cystic Tumors 
Hemorrhagic | Nonhemorrhagic Total 
I5 24 
I 2 


I 4 


of the sella; tumor extension into the tem- 
poral lobe, frontal lobe, petrous ridge or 
nasopharynx; partial blindness in at least 
one eye. All other tumors were judged of 
“medium” size. The incidence of cyst for- 
mation in the medium and large tumors 
was 31 and 38 per cent, respectively (Table 
x1). Only 1 of the ro small tumors was cyst- 
ic. This group was insufficient, however, 
for the difference in rate between these and 
the larger adenomas to be of significance. 

Thus, although visual symptoms with 
hemorrhagic cysts tended to be of short 
duration or of recent accentuation, the fre- 
quency of cyst formation did not otherwise 
correlate with the duration of symptoms or 
with the size of the adenomas. 


UNUSUAL CASES 


In 3 patients with clinically typical 
chromophobe adenomas, the histologic 
examination showed mixtures of chromo- 
phobe, basophile, and acidophile cells. 
These lesions were classified as either mixed 
or atypical adenomas (Table xi). One, 
treated initially by operation alone and 


TABLE XI 


CYST OCCURRENCE AS A FUNCTION 
OF ADENOMA SIZE 











Adenoma No. Cyst 
Size Operated On Incidence 

Small 1 (1095) 

Medium 15 (31%) 


Large 8 (3800) 
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TABLE XII 


RESULTS IN PATIENTS WITH HISTOLOGICALLY ATYPICAL OR 














y 
` 


“MALIGNANT” ADENOMAS 


























Pati Histologic Diagnosis T Erascfs 
a M > es 
atient | seien reatment esu 
O-19 Mixed adenoma,* chromophobe and | Operation Recurrence at 1 yr.; irradiated; con- 
eosinophilic granules trolled (14 yr.) 
OR-38 Mixed adenoma,* pale basophilic | Operation and | Controlled (31 vr.) 
and acidophilic staining granules irradiation 
OR-44 | Atypical adenoma,* equivocal stain- | Operation and | Controlled (1 yr.) 
Ing irradiation 
O-20 | Chromophobe adenoma extended | Operation Recurrence at 7 yr.; reoperated; con- 
| through capsule trolled (63 yr.) 
O-22 | Chromophobe adenoma extended | Operation Recurrence at 8 yr.; irradiated; con- 
through capsule trolled (4 yr.) 
OR-4 Infiltrating chromophobe adenoma | Operation and | Died at 3 yr.; progressive mental de- 
| extended to tip of frontal lobe and | irradiation terioration 
| laterally into temporal lobe and pet- 
l; l 
rous tip 
OR-6 Malignant chromophobe adenoma, | Operation and | Recurrence at 2} yr.; irradiated; re- 
pleomorphic, anaplastic, hyperchro- | irradiation currence at 41 yr.; reoperated on 
matic tumor cells ("malignant"); controlled (13 vr.) 





* No acromegalic or Cushing’s stigmata. 


irradiated for recurrence at I year, is now 
controlled for 14 years. The other 2 patients 
are controlled for 35 years and 1 year after 
operation plus irradiation. 

One patient with a ballooned sella tur- 
cica, concentrically narrow visual fields, 
and a histologically typical chromophobe 
adenoma presented the c/inical findings of 
Cushings syndrome. No primary adrenal 
disorder could be found. This patient died 
65 years after operation on the pituitary 
gland. Death was due to uncontrolled hy- 
pertension and congestive cardiac failure. 
In a review of the literature, Marks!? found 
18 cases of Cushing’s syndrome associated 
with verified pituitary tumors (which were 
not basophile adenomas). To these he 
added a case of his own and several 
others?^!»? have been described since. 
Histologically, nearly all were chromo- 
phobe tumors. Local invasion or extra- 
cranial metastases, or both, occurred in 


several. In contrast to the typical small 
basophile tumor generally associated with 
Cushing’s syndrome, the chromophobe 
tumors with this syndrome are characteris- 
tically large and aggressive.! ^? 

On histologic grounds one (OR-6) of the 
present chromophobe adenomas was 
termed malignant and 3 others were 
described at operation as extending through 
the capsule (Table xi). With repeated 
treatment, 3 of these have been controlled 
for periods of 133 (0-20), 12 (O-22), and 20 
years (OR-6), respectively. In the fourth 
patient (OR-4), a huge adenoma infiltrated 
the temporal and frontal lobes and the 
petrous tip. This patient was operated 
upon and irradiated but progressive mental 
deterioration terminated with death 3 vears 
later. In 2 additional patients (not included 
in Table xir) with clinical evidence of large 
tumors invading the brain, operation plus 
radiation therapy apparently controlled 
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Taste XIII 
COMPLICATIONS OF PRIMARY OPERATIVE 
DECOMPRESSION IN 80 PATIENTS 
Operative deaths 7 
Hemorrhage (treated in 1937, 1938, 1938, 
and 1949) 4 


t2 


Cerebral edema (treated in 1959, and 1961) 
Wound infection and brain abscess (treated 
in 1941) I 
Permanent increased visual field defect in at 
least one eye 
Perception of light or hand motion changed 
to blindness 
Quadrantanopia or hemianopia changed 


Go 


to blindness 3 
Hemianopia converted to perception of 
light and motion 3 
Quadrantanopia changed to hemianopia I 
Transient increased visual field deficit 2 
Persistent cerebrospinal fluid rhinorrhea I 


Osteomyelitis of bone flap and late convul- 
sive seizures I 








the adenomas. Brain damage in these 2 pa- 
tients has necessitated permanent institu- 
tionalization. Thus, of 6 adenomas which 
were either locally invasive or histologically 
malignant, therapy led to good results in 3. 
The limiting factor appears to have been 
the extent of brain damage present at the 
time of diagnosis. 

The adenoma extended into the nasal sep- 
tum of 1 patient. In this patient the visual 
fields were normal but the sella turcica was 
markedly enlarged. The anterior and infe- 
rior portions of the sphenoid bone, the dor- 
sum sellae, and the petrous ridges were 
destroved. A nasopharvngeal mass, al- 
though evident on the roentgenogram, was 
not seen by mirror examination of the 
nasopharynx. On trans-sphenoidal biopsy, 
a soft friable mass was seen which extended 
from the sella turcica through the sphenoid 
bone and into the posterior nasal septum. 
Treatment consisted of 3,000 r to the pitui- 
tary in a period of 35 davs. This patient has 
now been observed for 8 vears since 
therapy. Hypopituitarism and sporadic 
cerebrospinal fluid rhinorrhea are present 
but there is no evidence of reactivation or 
growth of the adenoma. Kay, Lees, and 
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Stout? found 3 of a total of 192 chromo- 
phobe adenomas with extension into the 
nasal cavitv. Following operation and ir- 
irradiatioi their patients did well for pe- 
riods of 1, 2, and 14 years. Henderson? in a 
review of 260 chromophobe adenomas 
found that in 3 the tumor had alreadv ex- 
tended into the nasopharvnx by the time of 
the first hospital admission. Two of these 3 
patients did well after operation and radia- 
tion therapy. The third, who did not re- 
ceive radiation therapv, died 4 vears later 
after a recurrence had developed. Despite 
extension outside the skull, the prognosis 
is not nearly as poor as the size and the in- 
vasive nature of these adenomas might sug- 
gest. Treatment of such lesions, therefore, 
should be aggressive. 

In 1 patient operated on and irradiated, 
increasing bilateral visual field defects were 
first noted at about the time radiation 
therapy was completed. Over the next 
several months, these deficits progressed to 
near blindness of both eyes. Severe hv popi- 
tuitarism was finally diagnosed and treated 
with androgens, corticoids, and thyroid 
gland extract. Improvement was dramatic 
not only of an Addisonian crisis but also of 
the visual fields. Within a few weeks the 
visual fields returned to their postoperative 
state of a left quadrantanopia and a right 
hemianopia. It is uncertain which hormone 
produced the improvement. Skanse and 
Aren™ have described a patient with an 
enlarged sella turcica, complete bitemporal 
hemianopia, and myxedema who refused 
either operation or radiation therapy. The 
visual fields became completely normal 
when thyroid and cortisone were given and 
the authors attributed the improvement to 
the thyroid therapy. Jeferson!! has re- 
ported a similar improvement of visual 
fields upon administration of cortisone in a 
patient with a suprasellar meningioma. On 
the other hand, an 18 year old girl not in- 
cluded in our present series showed a differ- 
ent change with hormones. In this patient 
the first manifestation of the tumor accom- 
panied the use of hormones for amenorrhea 
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and subsided somewhat with their discon- 
tinuance. 


COMPLICATIONS 


Of the 80 patients treated initially by 
operation, 7 died of causes directly related 
to the surgery (Table xii). Four of these 
died from hemorrhage within 2 days follow- 
ing operation and 2 others from cerebral 
edema 1 and 11 days after surgery. In the 
seventh patient a wound infection de- 
veloped which 9 months later terminated 
in a fatal brain abscess. Of these deaths, 4 
were associated with "large" and 3 with 
"medium" size tumors. The operative 
deaths occurred in the years 1937, 1938, 
1938, 1941, 1949, 1959, and 1961, indicating 
that the procedure remains hazardous. 
Three of the last 4 patients were operated 
upon by surgeons of limited experience. 
This 9 per cent operative mortality rate 1s 
consistent with others reported." *?? Hen- 
derson? reported a 4.4 per cent mortalitv 
for primary operations by the transfrontal 
approach, but his figure did not include 
several patients who died after dismissal 
from the hospital. 

After operation the visual field deficit was 
greater in IO patients. A persistent cere- 
brospinal fluid rhinorrhea developed in 1, 
and in another, osteomyelitis with late con- 
vulsive seizures (Table xm). Many pa- 
tients experienced postoperative febrile 
and/or fluid electrolyte disturbances of 
variable severity, often requiring prolonged 
hospitalization. In others, the severity of 
hypopituitarism increased after the opera- 
tion but lack of suitable data before and 
after surgery prevents quantitation of this 
effect. 

Among the 57 patients who received 1r- 
radiation as part or all of the primary 
therapy, there was no death directly at- 
tributable to the therapy. One patient 
whose visual fields were normal initially 
had transient, bilateral visual field defects 
after operation and irradiation. These de- 
fects were first noted 4 weeks after comple- 
tion of the radiation therapy and had com- 
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pletely cleared within 2 weeks. Except for 
occasional. complaints of nausea and/or 
mild increase in headaches, no evidence 
was suggestive of "radiation edema" in any 
of the 57 patients. 

After operation and irradiation, 3 pa- 
tients of the present series deteriorated 
mentallv, resulting in death of 1 and per- 
manent institutionalization of the other 2. 
All 3 had large lesions with evidence of 
brain invasion before treatment. The radia- 
tion dose, 7,200 r to the pituitary in 32 
davs, was excessive in one of these patients. 
In the other 2, the doses (2,600 r and 4,100 
r) were within the limits normally consid- 
ered safe. As indicated in the discussion of 
the invasive adenomas, the poor outcome 
in these patients was attributed to the ini- 
tial brain damage. The influence exerted bv 
operation and/or irradiation, however, can- 
not be assessed. 

One patient died of a malignant pleo- 
morphic glioma 12 years after frontal 
craniotomy and radiation therapy (3,400 r). 
The adenoma was controlled and the visual 
fields were normal at the time of his last 
examination, 2 years before death. Death 
occurred elsewhere and information of 
events preceding death are unavailable. A 
postmortem examination was performed 
and both the necropsv report and micro- 
scopic slides were forwarded to us. Review 
of the slides showed (1) a fragment of his- 
tologically normal pituitary gland; (2) a 
fragment that resembled the previous 
chromophobe adenoma except that 1t con- 
tained a large amount of dense hyalinized 
collaginous stroma; and (3) a malignant 
pleomorphic glioma which involved both 
frontal lobes. The histologic arrangement 
or cvtologic detail of the gliomatous por- 
tion in no way resembled the original or 
residual tumor of the pituitary gland. Mul- 
tiple intracranial lesions have been de- 
scribed in the literature and it is possible 
that the occurrence of this glioma was for- 
tuitous. Wise, Malamud, and Boldrey?? 
reported cerebral oligodendrogliomas co- 
existing with but apparently unrelated to 
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simultaneous chromophobe pituitary ade- 
nomas in 2 patients. On reviewing the litera- 
ture and on correspondence with Dr. 
Louise Eisenhardt, they found 2 other 
chromophobe adenomas coexisting with a 
second intracranial tumor. The second 
tumor was a cerebellar angioblastoma in 1 
patient and a ghoblastoma multiforme in 
the other. Love and Blackburn" described 
à patient with an apparently unrelated 
intracranial meningioma and a chromo- 
phobe adenoma. 


SUMMARY AND CONCLUSIONS 


The results of treatment bv operation, 
operation followed by radiation therapy, or 
radiation therapy alone in 91 patients with 
chromophobe adenomas of the pituitary 
gland are presented. Radiation dose versus 
control rate, recovery of visual fields, 
currence of cystic adenomas, complications 
of therapy, incidence of various symptoms 
and findings, and aspects of certain less 
common variants of this lesion are dis- 
cussed. 

Although some chromophobe adenomas 
of the pituitary gland were controlled by 
operation alone, the addition of radiation 
therapy significantly improved the control 
rate. In the present material only 4 (16 per 
cent) of 25 patients treated by operation 
alone remained controlled bv the end of s 
years. When popora radiation 
therapy was added, 28 (83 per cent) of 34 
were controlled for peas of § years or 
longer. Thus, when operative decompres- 
sion is used, sadiation therapy should fol- 
low. 

Radiation therapy alone vielded arrest or 
improvement in II patients with the pre- 
sumptive diagnosis of chromophobe ade- 
noma of the pituitary gland. Eight of these, 
3 of whom have been observed § years or 
more, have not recurred to date. The three 
failures were in patients who had cystic 
lesions. This analysis confirms the findings 
of other authors that at least the smaller 
chromophobe adenomas of the pituitary 
gland can be controlled bv radiation 
therapy alone. 

The disadvantages of primary 


OC- 


radiation 
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therapy are an unproved clinical diagnosis 
and a slower response. With proper patient 
selection and early operative decompression 
for the radiation failures, however, the 
error in diagnosis presents less risk than the 
mortality and morbidity of operative inter- 
vention. Furthermore, if vision is not se- 
verely threatened, there is generally time 
to await the response to irradiation. 

Initial operation for more rapid decom- 
pression or for establishment of the diagno- 
sis is preferable if the visual defect is exten- 
sive or if the clinical and roentgenographic 
findings are atypical. Recent abr upt change 
in symptoms or visual fields suggests the 
occurrence of hemorrhage and this situation 
Is best treated by initial surgical decompres- 
sion. 


Glenn E. Sheline, M.D. 

Department of Radiology 

University of California Medical Center 
San Francisco, California 94122 


The surgical treatment in these patients was 
done by Drs. John Adams, Edwin B. Boldrey, 
Howard A, Brown, Howard C. Naffziger, and 
Burton L. Wise, or under their direction by 
members of the resident staff. Radiation 
therapy was given by Drs. Franz Buschke, 
B. V. Low-Beer, Glenn E. Sheline, Robert S. 
Stone, and Terome M. Vaeth. 
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THE SENSITIVITY OF THE POSITRON SCINTILLATION 
CAMERA FOR DETECTING SIMULATED BRAIN 
TUMORS WITH GALLIUM 68-EDTA* 


By ALEXANDER GOTTSCHALK, M.D., and HAL O. ANGER, B.S. 


BERKELEY, CALIFORNIA 


ORE than 60 patients suspected of 

having brain lesions have now been 
examined with the positron scintillation 
camera. Ga EDTA  (ethvlenediamine- 
tetraacetic acid), a positron emitter with a 
half-life of 68 minutes, was used as the 
localizing agent.^?? This paper describes 
the results of a phantom studv with the 
positron scintillation camera and compares 
the findings with a similar study by 
Jacobson e£ al.* on the conventional posi- 
tron scanner using As”, 

Sweet ef al have shown that brain 
tumors accumulate As™ and Cu? EDTA in 
approximately the same concentrations. 
With EDTA chelates, the organic part of 
the molecule seems responsible for the 
pharmacologic behavior within the brain, 
whereas the isotope merely serves as a tag. 
Consequentlv, it is reasonable to expect 
Ga EDTA to accumulate in brain tumors 
in a fashion similar to that of Cut EDTA. 
Although determination of Ga EDTA 
concentration in human brain tumors is as 
yet lacking, the uptake of the isotope in 
tumors, as judged from the brain scinti- 
photo itself, is in agreement with the clas- 
sification to be described. 

Sweet and co-workers? found that brain 
tumors accumulate the above agents in 
three broad catagories. Meningiomas show 
the greatest accumulation with tumor to 
brain ratios frequently 15 to 1 or higher. 
Glioblastomas and metastases are exam- 
ples of the middle group, with tumor to 
brain ratios about 7 to r. The lowest ratios 
are found in the well differentiated gliomas 
which show an accumulation of approxi- 
mately 3 to 1 or less. 


MATERIALS AND METHODS 


In order to simulate the human head, a 
phantom was constructed bv placing 1,500 
cc. of water in a cylindrical polyethylene 
jar 113 cm. in inner diameter and 15 cm. 
high. Three uc of Gat EDTA were added 
to the jar to simulate the low-level activity 
normally seen from a human head. This 
activity 1s largely due to isotope present in 
the skin and blood overlying the brain. 
The simulated tumors were made by filling 
thin walled containers (toy rubber bal- 
loons) with the desired quantity and con- 
centration of isotopes relative to the rest of 
the phantom. The experimental setup is 
illustrated in Figure 1. 

The phantom was counted until 3,500 
dots were recorded on the picture. This 
gave a visual appearance comparable to 
that seen in the central area of a normal 
head during a Gat EDTA brain examina- 
tion with the usual exposure time of 10 
minutes. The density of dots per square 
centimeter was the same in pictures of the 
phantom as in human scintiphotos. By 
keeping the total count per picture con- 
stant and by varying the exposure time, 
consideration of the physical decay of the 
short lived Ga** was avoided. Correction 
for background was unnecessary as the 
background count rate of the positron 
scintillation camera is less than one count 
per minute. Maximum exposure time was 
20 minutes. 

The plane of best focus of the scintilla- 
tion camera was placed through the simu- 
lated lesion. Additional studies showed 
that the depth of field of the positron 
camera 1s quite broad. Using a 6 cc. 15/1 


* Donner Laboratory of Medical Physics and Biophysics and the Lawrence Radiation Laboratory, University of California, Berkeley, 


California. 


Work done under the auspices of the U.S. Atomic Energy Commission. 
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2, No. 1 Positron Scintillation Camera [7 


—] 
Ur 


1500 cc of water 
Image detector containing a small concentration 
crystal of isotope to simulate normal head 












~ Balloon filled with isotope 
i. solution to simulate tumor 


/ 
y 


Plastic jar 
Thin lucite strip 


Focal detector 
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Fic. 1. Experimental setup. l'1G. 2. A representative scintiphoto showing a 6 cc. 
phantom tumor with a 15/1 tumor to head con- 
centration. The tumor is easily seen although it 
is smaller than the minimum volume detected by 





phantom tumor, it was possible to move 


the plane of best focus 25 inches below the the conventional positron scanner. The dashed 
“lesion” (toward the focal detector) and circular outer line represents the field of view of 
3$ inches above the “lesion” (toward the the scintillation camera. 


image detector) before the image of the 
phantom tumor was no longer clearly vis- Seen 
ible. Table 1 shows a comparison of the re- 
Phantom tumors in each group described sults of this study with those by Jacobson 
by Sweet ef al? were examined to deter- and co-workers! using the conventional 
mine the smallest size tumor detectable. At positron scanning technique. It is apparent 
least four exposures were made with each that the positron camera, with Ga 
"tumor" in order to eliminate statistical EDTA, will identify lesions with roughly 25 
variations. A sample was considered border- per cent of the volume and 65 per cent of 
line if it could be identified three out of the diameter necessary for detection by 
four times. the conventional positron scanner. 


TABLE I 


COMPARISON WITH THE RESULTS OF JACOBSON el al, USING CONVENTIONAL POSITRON SCANNER 








Ratio of Minimum Volume Approximate Diameter 
Detector Isotope Tumor to of Smallest Tumor of Smallest Tumor 

Head Detected Detected 
Conventional positron scanner! As" [6/1 8 cc. 2.0 cm. 
Positron scintillation camera (3498 15/1 Loc [.5 6n. 
Conventional positron scanner As" 5.7/1 [2 ce. 2.8 cm. 
Positron scintillation camera (3298 pA 4 CC. 1.1 cim. 
Conventional positron scanner As" 3.2/1 40-70 cc. not listed 
Positron scintillation camera Gass 3.9571 age: 3.0 cm. 
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DISCUSSION 


Any comparison of results suffers from 
the obvious flaw that the studies were con- 
ducted by separate observers in separate 
laboratories using different phantoms. 
However, the basic design of the experi- 
ments is the same. Although they do not 
exactly duplicate the clinical conditions of 
brain scanning with the particular agent 
and apparatus used, they give some idea of 
the sensitivity of the two methods. 

It is important to realize that the con- 
centration ratios obtained by Sweet arid 
co-workers* only compare tumor tissue to 
brain tissue. Since the scans of human 
patients include the isotope in skin, mus- 
cle and blood, as well as brain, a strict com- 
parison of the phantom to actual patients 
is not valid. It is not known at the present 
time how much of the isotope goes to skin 
and other structures overlying the brain. 
Until the uptake in tumors relative to the 
uptake in overlying tissue of the head is 
known, a determination of the smallest 
tumor detectable in an actual subject 
cannot be made. 


CONCLUSIONS 


Phantom studies indicate that the posi- 
tron scintillation camera is a more sensitive 
instrument for the detection of brain lesions 


Alexander Gottschalk and Hal O. Anger 


Jury, 1964 


than the conventional positron scanner. It 
detects lesions 4 to & as large in’ volume 
for each ratio of tumor to head concentra- 
tion studied. 


Alexander Gottschalk, M.D. 
Donner Laboratory, 
University of California 
Berkeley 4, California 


The authors wish to thank Mr. Yukio Yano 
for technical assistance. 
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CONTOUR BRAIN SCANNING WITH IODINE AND 
MERCURY COMPOUNDS FOR DETECTION OF 
INTRACRANIAL TUMORS* 


By WILLIAM FEINDEL, M.D., Y. LUCAS YAMAMOTO, M.D., DONALD L. McRAE, M.D. 
and JOAN ZANELLI, M.S.R. 


) 


MONTREAL, QUEBEC 


I5 THIS report the results of brain scan- 

ning in two consecutive series of brain 
tumors which were verified pathologically 
are summarized. In the first series, radio- 
active iodinated serum albumin (RISA) 
labelled with iodine 131 was used, and in 
the second, radioneohydrin labelled with 
mercury 203. 

Our results show that radioneohydrin on 
à quantitative basis 1s superior to RISA, 
giving more than double the local uptake in 
the region of the tumor. In addition, it pro- 
vides the useful advantage that optimal 
uptake appears at a shorter interval follow- 
ing injection of the radioisotope into the 
circulation. 

The major disadvantage of radioneohy- 
drin tagged with mercury 203—the high 
level of radiation dosage to the kidnev—is 
eliminated by the use of neohydrin tagged 
with mercury 197 which we consider to be 
at present the radioisotope of choice for 
brain scanning.!* 


CONTOUR SCANNING METHOD 


All the studies reported here have been 
made with an automatic contour brain 
scanner (Fig. 1). The design’ and early 
clinical evaluation of this device have been 
previously reported.?? The technique uti- 
lizes twin balanced scintillation detectors 
which simultaneously survey both sides of 
the head from front to back in a series of 
nine parasagittal concentric arcs (Fig. 2, 3, 
and 4). Background radioactivity and any 
differential uptake on either side of the 
head are registered on a semicircular chart 
by suitable symbols. 


* From the Department of Neurology and Neurosurgery, McGill University, and the Cone Laboratory for Neurosurgical Research 
} 5) SM1 Y9 ) ) = 


Montreal Neurological Institute. 





Fic. 1. The Mark III Model Contour Brain Scanner 
The twin detectors have reached the end of the 
first scanning arc at the occipital region of the 
head. The electronic control panel with scalers 
and pulse height analyzers is at the left; the scan 
chart for registration of radioactivity counts is on 
the cross bar in the center. 


This scanning method provides certain 
advantages over the more familiar recti- 
linear technique. These may be summarized 
as follows: 

1. The detectors remain mainly perpen- 
dicular to the contour of the head (Fig. 5). 
This eliminates the foreshortening of the 
curved surfaces of the head which is un- 
avoidable with rectilinear scanning. It also 
renders a closer correspondence of points on 
the scan chart to those on the head. 

2. Each detector scans an homologous 
region of the head. This provides a useful 
anatomic balance and any region of in- 
creased local uptake is then differentiated 


> 
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lic. 2. Twin detectors at the starting position in the 
midline over the forehead. Note that the pro- 
jected axes of each detector cross the midline to 
the opposite side of the head. 


in direct comparison to a corresponding 
region of normal brain over the opposite 
side of the head. The region “seen” by both 
detectors is fairly uniform not only in vol- 
ume of brain tissue but also in the ratio of 
brain tissue to skull and scalp (Fig. 6). This 
ratio is variable in rectilinear scanning 
where the increasing proportion of bone 
and scalp as the detector "sees" the curved 
periphery of the head can result in a “rind” 
or "cap" of increased counts.*: 

3. The detectors are arranged about 
crossed axes (Fig. 7). Their angle on the 





Fic. 3. Detectors at the final position of the scan. 
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Fic. 4. Outline of the head showing the scan pattern. 


initial parasagittal arc 1s such that their 
axes fall lateral to the midline of the vertex. 
The increase of count rate from the longi- 
tudinal sinus.is therefore avoided. Since 
each detector "sees" the deep mesial region 
of the opposite hemisphere, some indica- 
tion of the depth of the region of increased 
uptake can be obtained from the single scan 
chart. À superficial region of uptake 1s re- 
corded only by one detector. On the other 
hand, a lesion which extends deeply is seen 
at certain arcs of the scan by the detector 
over the opposite hemisphere. This ‘‘see- 
through" provides a useful three dimen- 
sional plotting of the lesion. The axes of the 
two detectors during the scan are directed 


RECTILINEAR 
SCAN 


CONTOUR 
SCAN 





Fic. §. Diagram to show the contrast between the 
point-to-point relationship of the curved surface 
of the head and the contour scan chart (left) and 
the foreshortening of the curved surface of the 
head projected on to the rectilinear scan chart. 
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Fic. 6. Diagram indicating how the relative proportions of scalp skull and brain remain uniform with contour 
. = . eo * . d r* 
scanning but vary with rectilinear scanning. As the rectilinear scan “sees” the upper part of the head, the 
per cent of brain relative to scalp and skull is reduced. 


over and behind the mass of facial and tem- 
poral musculature which gives a consider- 
able masking effect on rectilinear scanning. 

4. The complete scan of the head can be 
done in 30 minutes compared to lateral and 
anteroposterior views in rectilinear scan- 
ning which may require up to 2 or more 
hours. This feature is obviously of practical 
advantage from the point of view of the 
patient. It also makes possible repetition of 
scans with radioneohydrin in spite of the 
somewhat short biologic half-life of this 
agent. 

5. Registration of background activity 
and differential uptake representing a pre- 
selected number of counts gives a scan 
chart with a quantitative record. The differ- 
ential uptake can be easily determined as a 
percentage difference of increase as com- 
pared to the normal background count. In 
reviewing a large series of scans, this fea- 
ture has been of considerable value. For 
example, percentage differential uptakes 
have been determined for tumors of the 
same type detected in different patients. 
For these reasons we have preferred to re- 
tain a quantitative registration as com- 
pared to the more dramatic display derived 
from photoscan techniques which, how- 


ever, Is achieved at the sacrifice of exact 
quantitation. 


METHODS 


For scans with radioactive iodinated 
serum albumin, the injection of 300 to aco 
uc of RISA was preceded by Lugol’s iodine 
solution in a dose of 10 drops 2 times a day 
for 24 hours. Scans were made immedi- 
ately and at about 24 and 48 hour inter- 
vals. 

With the radioactive mercuric organic 
compound, the scan was preceded bv an 





Diagram to show the crossed axes of the 
detectors at various arcs of the scan as seen in 
coronal plane. 


FIG. 7. 
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intramuscular injection of 2 cc. of non- 
radioactive mercurohydrin on the day be- 
fore scanning. Neohydrin with mercury 203 
was used in a dosage of 10 uc per kg. of body 
weight. Neohydrin with mercury 197 gave a 
satisfactory technical scan with half that 
dosage. Appropriate settings of the pulse 
height analyzers were used for the different 
gamma energy spectra of the particular 
radioisotope injected. Further details of the 
method have already been described.*® 


RESULTS 


I. SCANS witu RISA 


The first model of the contour scanner 
was evaluated clinically on 115 neurosurgi- 
cal patients scanned consecutively from 
April, 1956 to December, 1958.? Correlation 
of scanning with a verified clinical diagno- 
sis was obtained in 90 per cent of cases. Of 
59 intracranial tumors verified as to patho- 
logic type and location, 80 per cent were 
detected and localized. 

In the past 3 years we have used a Mark 
III scanner with larger scintillation crystals 
(141 inches), pulse height analyzers in 
place of a simple discrimination control, the 


addition of a ninth arc on the scan pattern, - 


and an improved head holder which clears 
the inferior temporal region.*»4 

With this scanner and RISA, a consecu- 
tive series of 179 patients was examined 
from October, 1960 to July, 1962. Of this 
series, 25 patients had proven bony or 
vascular lesions, and reference to these has 
already been made.* An additional group of 
Io4 patients had various neurologic dis- 
orders for which no pathologic confirma- 
tion was obtained. Intracranial neoplasms, 
verified by biopsy, craniotomy or autopsy 
were present in 45 patients and in 40 of 
these, or 88 per cent, positive scans were 
obtained. 

Of the 5 tumors where scans failed to give 
a significant localized uptake, 4 were low 
grade gliomas and 1 was a hemangio- 
blastoma of the posterior fossa. Five pa- 
tients with proven tumors were excluded 
from the series because the scans were unsat- 


Feindel, Yamamoto, McRae and Zanelli 


Juny, 1964 


isfactory due to restlessness of the patients 
or instrumental troubles. In one instance of 
proven tumor, the patient was operated on 
before any but the immediate scan could be 
completed. 

Local radioisotope uptake is, of course, 
noted with many non-neoplastic lesions. 
But in the course of usual clinical studies, 
information on the pathologic nature and 
intracranial site is more readily available 
for tumors than for most other intracranial 
lesions. Analysis of a series of proven tu- 
mors thus provides the most direct means of 
assessing the results of a scanning method. 

Scans were considered positive when a 
differential increase of 15 per cent or more 
appeared over a minimum of 2,000 back- 
ground counts registered from a corre- 
sponding region of the opposite side of the 
head. With marginal uptakes, repetition of 
the scan at suitable intervals was useful in 
confirming whether or not the uptake was 
significant. 

On this basis, positive scans were ob- 
tained, as noted in Table 1, in all patients 
proven to have either a glioblastoma multi- 
forme, a meningioma, or a metastatic neo- 
plasm. 

The differential uptake varied from 20 
to over Ioo per cent for tumors of the same 
pathologic class. Although higher values 
were noted for certain meningiomas, there 
was much overlap of the level of differen- 
tial uptake when comparing meningiomas 
and malignant gliomas. The low grade 
astrocytomas had the lowest values and in 
4 instances produced negative scans. 

In regard to the optimal time interval 
for scanning after the injection of RISA, 
this was found in general to be within the 
first 24 hours for meningioma! and some- 
what later for the gliomas and metastatic 
neoplasms. But these results again repre- 
sented a trend and were insufficient to 
identify a specific tumor type. Ordinarily, 
a region of increased uptake is expected in 
relation to a neoplasm; however, in 2 cases 
the count rate over low grade astrocytomas 
was, in fact, reduced as compared to nor- 
mal brain. In one of these, an increase was 
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TABLE I 
RESULT OF CONTOUR SCAN USING RISA IN VERIFIED INTRACRANIAL NEOPLASMS 

Scan Positive x Best 
_— MER S Ai T Scan | una 

Diagnosis | Nega- | T e. 

as 5 i d- Fs 
des des ml dr UN bi. GE! pine 
nae ust Jn07 j Al 77 ota ive 

(over 50%)| (50-30%) | (30-20%) | (20-15%) : (hours) 
Gliobl: tif | 3 
slioblastoma multiforme 5 5 5 — 15 O I5 24—48 

Oligodendroblastoma — — — I O I 48 

Oligodendroglioma — 3 — — 3 O 3 re 
Astrocytoma diffusum -— — 2 3 l 4 48-72 
Piloid astrocytoma — — — - — 3 3 48-72 
Meningioma 4 2 | | - 7 O 7 O-24 
Hemangioblastoma 2 — -— | — 2 1 0-24 
Metastatic carcinoma 4 2 2 9 O 9 24-48 

Totals 40 C 45 





recorded over the left frontal region, for 
example, and an extensive astrocytoma was 
found in the right frontal lobe. We have, 
nevertheless, scored these 2 cases among 
the negative scans although they were 
actually an accurate index of the distribu- 
tion of radioisotope. Certain cystic and 
cerebrovascular lesions can also occasion- 
ally give similar "reverse" scans, which are 
an expression of the low radioisotope con- 
tent of the lesion rather than an indication 
of the failure of the scanning method. 

It is evident that the scanning “score”, 
regardless of the method employed, will 
vary with the proportion of these lowgrade 
gliomas included in any series of tumors. 


2. SCANS WITH RADIOMERCURY 


A similar consecutive series of patients 
with verified tumors was scanned between 
January, 1962 and September, 1963, using 
radioneohydrin! labelled with mercury 203. 
Of 64 tumors, 56 or 88 per cent were de- 
tected and localized, a result similar to the 
series scanned with RISA (Table 11). The 
differential uptakes were, however, much 
higher and in a number of patients with 
meningiomas and = gliomas who were 
scanned with both isotopes, radioneohydrin 
gave a tumor uptake double that obtained 
with RISA (Fig. 8 and 9). Triple scans after 
a single injection of radioneohvdrin showed 





that the optimal time for scanning with 
this agent 1s between 3 and 6 hours with 
meningiomas, glioblastoma multiforme and 
metastatic neoplasms but longer for the 
lower grade gliomas. Again, as with RISA 
scans, positive scans were obtained 1n all 
patients with a glioblastoma, meningioma, 
or metastatic carcinoma. Another feature 
similar to the series scanned with RISA 
was the negative scans noted in 8 out of 18 
of the low grade gliomas. 

Radioneohydrin labelled with mercury 
197 has given results comparable to those 
obtained with mercury 203, but with the 
remarkable advantage that the radiation 
dosage to the kidney 1s decreased to a negli- 
gible level. On the basis of comparative 
studies to be reported in detail elsewhere, 
we now consider radioneohydrin with mer- 
cury I97 as the most satisfactory and sate 
radioisotope at present available for brain 
scanning. Àn example of the localization of 
a glioblastoma multiforme by neohydrin 
labelled with mercury 197 is shown in Fig- 
ure 10. As noted on the corresponding 
angiogram (Fig. 11), this tumor was located 
in the temporal lobe, low down in the 
cranial cavity, and was covered by thick 
temporal muscle. The scan, however, was 
satisfactory. Some “see-through” from the 
first three arcs of the scan indicated the 
mesial extension of the tumor. 
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Tas e II 
RESULT OF RADIOACTIVE MERCURY-NEOHYDRIN SCANS IN VERIFIED INTRACRANIAL NEOPLASMS 
Scan Positive 
Scan Best 
; i "n Scanning 
Diagnosis +6 a T4 T T2 +I eee | Fow Time 
(Over | (200- | (100- (50- 30- (20- | Total| tive ühouts) 
200 %) | 100 %) | 50%) | 30%) | 20%) | 15 %) 
Glioblastoma . 
multiforme I 5 9 5 2 — 22 O 24 6 
Oligodendro- 
glioma — — — 2 — — " O 2 4—6 
Astrocytoma 
diffusum — -— 2 — 2 — 4 2 6 6 
Piloid 
astrocytoma — — I — — — I I 2 6 
Gemistocytic 
astrocytoma peie = I -— I - 2 2 4 28 
Glioma, 
unclassified — — — 2 — 5 3 6 6 
Meningioma I 2 3 2 8 O 8 3-6 
Metastatic 
carcinoma = I 3 8 I I I4 O 14 5-6 
Totals | | | 56 | 8 64 
3. RADIOISOTOPE UPTAKE IN NON-NEOPLASTIC DISCUSSION 


INTRACRANIAL LESIONS 


Although emphasis in this report has 
been on the detection and localization of 
intracranial neoplasms, it 15 worth pointing 
out that a regional increase in radioisotope 
concentration is not specific for neoplasms. 

Previous discussion of the value of RISA 
for localization of intracranial vascular 
lesions by brain scanning has been made.‘ 
In our experience, the radioactive mer- 
curial compounds have been effective in the 
detection of localized areas of brain dam- 
age associated with cerebral vascular oc- 
clusive disease. An example as illustrated 
in Figure 12 where a 67 per cent differen- 
tial uptake was found in a patient who had 
developed an occlusion of the left middle 
cerebral artery, revealed by cerebral angiog- 
raphy (Fig. 13). A high differential re- 
gional uptake, therefore, on a single scan 
does not permit a diagnostic distinction be- 
tween neoplasm and other types of intra- 
cranial lesions, although further studies 
with multiple isotopes and repeated scan- 
ning at intervals to define the curve of up- 
take may make such a distinction possible. 


The physical and biologic properties of 
the more commonly used scanning agents 
are summarized in Table m1 A and mı B. 

RISA is inexpensive, readily available 
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MENINGIOMA, ( en aerate 
March 24-62 


400 uc RISA - 1?! 


RIGHT FRONTO-TEMPORAL 
26 HOURS 
TOTAL COUNTS: 


N 
N L. 48500 


/ R. 51681 


Fic. 8. Scan of a meningioma with RISA at 26 hours 
showing 76 per cent local differential uptake. The 
oblique dashes indicate right sided increase. The 
inverted “‘V’s” indicate "see-through" by the left 
detector. The scan chart is oriented in a conven- 
tional outline of the head for purposes of illustra- 
tion. 
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and used widelv for radioisotope proce- 
dures other than brain scanning. With a 
variety of scanning methods, most au- 
thors have reported positive detection and 
localization of brain tumors in 80 per cent 
or more of patients.?!^!* Since albumin 
does not permeate normal brain tissue to a 
significant degree and is less likely to leak 
out of the circulating blood into extravas- 
cular tissues, RISA differentially concen- 
trates in lesions associated either with an 
increase in vascularity or permeability. 
Highly vascular lesions such as angiomas or 
vascular meningiomas show up almost 1m- 
mediately on scanning after RISA is intro- 
duced into the blood stream.* In other 
lesions, however, the slow decrease of 
RISA in the blood stream tends to reduce 
the differential between the background 
and target radioactivity. The best time 
for brain scanning following injection of 
RISA is about 24 hours, and this often 
imposes a delay in the diagnosis and treat- 
ment of a patient with increased intra- 
cranial pressure. 

For these reasons neohydrin, a mercurial 
diuretic labelled with mercury 203, was 
introduced by Blau and Bender.’ [ts 
gamma radiation is confined to the single 
energy level of 0.279 mev., which simplifies 
problems of shielding and discrimination. 
Blau and Bender found that radioneohy- 
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Fic. 9. Scan of the same patient with neohydrin 
labelled with mercury 203 showing a local ditter- 
ential uptake of 133 per cent at 33 hours. 
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( Scan 63-330-C 
GLIOBLASTOMA MAY 28/63 
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| LEFT TEMPORAL faial Counts: / 
^ L. 19983 Pi 
\ i ~ R. 17590 / 
N TM P 
} J 
\ "4 
^ p | 
s 1 \ 
Fic. 10. Scan with neohydrin-mercury 197 on a 


glioblastoma of the anterior and mesial part of the 
temporal lobe with a differential uptake of 40 per 
cent at 6 hours. Moderate "see-through" on the 
first three arcs indicates some deep extension of 
the tumor. 


drin gave somewhat more useful scans than 
RISA. We have been able to demonstrate 
quantitatively that radioneohydrin gives 





Fic. 11. Angiogram of patient G.B. shown in l'igure 
10, illustrating a space-occupying lesion low down 
in the left temporal lobe. 
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( OCCLUSION OF BRANCHES Scan 63-346b 


June 13-63 
300 uc Neohydrin - Hg 197 


N OF LEFT MIDDLE CEREBRAL 
rj ARTERY 
ko 3 HOURS 
N TOTAL COUNTS: / 
\ L. 40351  // 
NOT 2 R. 33417 / 


Fic. 12. Scan with neohydrin-mercury 197 showing 
67 per cent differential uptake at 3 hours over a 
region of cerebral infarction. 


about twice the uptake as compared to 
RISA in meningiomas and glioblastomas 
and that scanning may be effectively car- 
ried out between 3 and 6 hours as compared 
to 24 hours.® 

The use of mercury 197 which has no 
beta activity and a lower level of gamma 
radiation provides a welcome improvement 
on the labelling of radioneohydrin. The 
radiation dosage to the kidneys is almost 
eliminated and the whole body dosage is 
extremely low (Table m1A). 

We have had no experience with ar- 
senic 74 which has been extensivelv studied 
by Mealev, Brownell and Sweet! and 
others? who have exploited its property as 
a positron emitter to develop a method of 
coincidence scanning. More recently Mal- 
lard* has found arsenic 72 satisfactory for 
this purpose. Substantially higher doses are 
required for effective scanning and this re- 
sults in turn in a higher level of whole body 
dosage and kidney dosage. Mention should 
be made of the use of bismuth 206 which is 
reported to show a high tumor to brain ratio 
in experimental studies.*? The great vari- 
ety of high energy gamma radiation in this 
radioisotope poses difficult problems in col- 
limation and discrimination, but further 
evaluation of this agent will be of great 
interest. 

There are certain defects common to all 
methods involving radioisotopes for locali- 


Feindel, Yamamoto, McRae and Zanelli 


JuLy, 1964 





Fic. 13. Angiogram demonstrating absence of filling 
cf the middie cerebral arterial branches in the 
patient shown in ligure 12. 


zation of intracranial lesions. Tumors in the 
midline and in the posterior fossa are not in 
general well detected. This is due partlv to 
the low level of uptake in the tvpes of 
tumors commonly found in these regions, 
such as pituitary adenomas or low grade 
gliomas, to the smaller size at which such 
tumors produce overt clinical signs and to 
their unfavorable distance from externally 
placed gamma detectors. The contour scan- 
ning method is subject to these defects. Its 
most useful role, at present, is for the detec- 
tion of tumors of the cerebral hemispheres. 
The contour scanning pattern can include 
the suboccipital region of the head, but the 
few tumors of the posterior fossa in the 
present series have given low differential 
uptakes. This again is partly related to the 
low uptake of the tumor itself as well as to 
the thick layer of tissue interposed between 
the tumor and the detector and the result- 
ing distance of the detectors from the 
lesion. A larger number of lesions of the 
posterior fossa is required for better evalua- 
tion of the contour methods for the detec- 
tion of tumors and other lesions in this par- 
ticular region. With the almost negligible 
radiation. dosage with mercury 197, the 
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Tague IIIA 
RADIOISOTOPES FOR BRAIN SCANNING 
Physical Properties Radiation Dose 
Chemical Agent Isotope | Half- | Do: W 7 
= l Beta Gamma and X-ray : et per E Kidney 
- kilogram (rad) and : 
(mev.) (mev.) (da.) body wt. Ratio (rad) 
0.608 (87.2%) 0.364 (87.2%) 
Radioiodinated Human [131 0.335 ( 9.3%) 0.637 ( 9.3%) 8.08 5 uc 0.7 (140) -— 
Serum Albumin (RISA) 0.250 ( 2.8%) 0.722 ( 2.8%) 
0.815 ( 0.7%) 0.164 ( 0.7%) 
Hg? 0.208 (100%) 0.279 (100%) IO uc 0.29 (58) 35-40 
Neohydrin - == G cana 
0.068 Kg X-ray (57%) 
Hg None 0.0778 Kg X-ray (22%) 5 ue 0.005 (1) 1.0 
0.0773 Gamma (19%) 
0.191 Gamma _ (0.5%) 
As” Positron (7754) 0.835 (6.8%) dal i: 
0.630 (0.7%) o8 (140-320) 10-20 
Sodium Arsenate =| 15733 ue f 
Positron (28%) o. 596 (14%) 
As? Beta (31%) 0.635 (16%) 1.2-3.1 2-13 
1,36 (16%) (240-620) 
0.69 (15%) 
0.184 (28%) 
0.343 (6.6%) 
Bismuth Nitrate B 1706 None 0.107 (2.3%) 6.4 5 uc 2.1 (420) 20 
0.263 (2.1%) 
0.538 (2.1%) 
213 others 
way is open for administration of higher CONCLUSION 


doses of radioneohydrin combined with 
selected types of focusing collimators for 
detection of these smaller lesions and tu- 
mors with lower level of differential up- 


take. 





RADIOISOTOPES FOR BRAIN SCANNING 


I. Two consecutive series of brain tu- 
mors which were verified pathologically 
have been reviewed in regard to the results 
of brain scanning. 


2. The first series, consisting of 45 pa- 
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tients, gave a detection rate of 88 per cent. 
Scans in this series were made using RISA 
labelled with iodine 131. 

3. A second series consisting of 64 pa- 
tients scanned with radioneohydrin labelled 
with mercury 203 gave a positive scan rate 
also of 88 per cent. 

4. All patients with a meningioma, glio- 
blastoma multiforme or metastatic neo- 
plasm in both series showed a positive scan 
with greater than 15 per cent differential 
uptake as compared to normal region of 
brain. 

5. The lowest differential uptakes and 
negative scans were characteristic of the 
low grade gliomas. 

6. Early results with radioneohydrin 
labelled with mercury 197 showed equally 
satisfactory scans. 

7. High differential uptakes can be ob- 
tained on brain scans of occlusive vascular 
lesions which, therefore, cannot be dis- 
tinguished from neoplastic lesions on the 
basis of a single brain scan. 

8. Radioneohydrin labelled with mer- 
cury 197 is considered as the most satis- 
factory radioisotope available at present 
for brain scanning. 

9. These studies were carried out with an 
automatic contour brain scanning device. 
Its advantages as compared to rectilinear 
scanning are discussed. 


William Feindel, M.D. 
Montreal Neurological Institute 
3801 University Street 
Montreal 2, Quebec, Canada 
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THE SIGNIFICANCE OF PHOTOMULTIPLIER 
FATIGUE IN SOME MEDICAL ISOTOPE 
TECHNIQUES* 

By BOOKER T. MOORE, M.A. 
with the technical assistance of JANE G. HEGEMAN 


ALBANY, NEW YORK 


HOTOMULTIPLIER fatigue, a condi- 

tion whereby the gain of a photomulti- 
plier tube changes due to certain levels of 
light intensity, temperature or construc- 
tion, has long been recognized.'-^*? Usu- 
ally, this phenomenon has occurred at 
higher light levels than would normally be 
encountered in the medical radioisotope 
department. However, one of the investi- 
gators’ noticed this effect at light levels 
which, in our opinion, could be found in the 
average medical radioisotope department 
and caused us to suspect that certain condi- 
tions previously noted by us could be due 
to fatigue effect. The work of Reid ef a/." 
at low light levels using differential count- 
ing showed that the count rate decreased 
during fatigue effect. A careful study of the 
theory of photomultiplier fatigue??455.9 
caused us to suspect that the effect in dif- 
ferential counting as compared to the effect 
in integral counting might not be the same; 
therefore, it was decided to investigate both 
types of counting in relation to fatigue 
effects. The mechanism of radiation detec- 
tion 1s well known; however, in order to 
relate light to count/min. or uc concentra- 
tion used in the usual medical isotope de- 
partment, a brief outline is given of the 
mechanism of gamma radiation detection 
using inorganic crystals. 

I. Nuclear radiation is absorbed in the 
scintillator resulting in excitation and ion- 
ization within it. 

2. The energy dissipated in the scintil- 
lator is converted into light energy through 
the luminescence process. 

3. The light photons travel to the photo- 
cathode of the photomultiplier tube. 


4. The light photons are absorbed at the 
photocathode of the photomultiplier tube 
and photoelectrons are emitted. 

5. The photoelectrons are multiplied by 
successive dynode stages in the photomul- 
tiplier tube. 

6. The resulting current pulse from the 
photomultiplier tube is analvzed by the 
attached electronic equipment. 

Consequently, the relationship between 
count/min., uc and light intensity would 
be that with increasing uc more radiation 
should be absorbed bv the crvstal and more 
light should be emitted to release more elec- 
trons to be multiplied into greater count 
/min., as detected bv the associated count- 
ing equipment. 


MATERIALS AND METHODS 


The following scintillation detectors were 
given preliminary tests for fatigue effect. 


Model and Type Crystal 
Serial Number IPE Size 
B-A, 812B, #136 Probe IXI" 
B-A, 812, #136 Probe DUXI" 
NC, IDSeR. 437 Probe 3 9" 
B-A, 810C Well ir ad 
B-A, 810B Well 12^ X5" 
B-A, 810-20 Well dude Cg 


For the preliminary phase of this study, 
the 6 detectors above were each tested 
with I! to find out which, if any, actually 
exhibited the fatigue effect. The probes 
were subjected to 20-100 uc range for 0-60 
minutes with the source at the distance 
from the collimator as in usual medical 
Isotope procedures. Varving amounts of 
[?' in the 0.05—-0.§ uc range were used in 


* From the Radioisotope Service, Veterans Administration Hospital, Albany, New York, 
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the well type detectors for o-60 minutes. 
One detector, the Baird-Atomic, well type 
810 with 12"x2" crystal size, was chosen 
for the main studv because of the definite 
characteristics it consistently showed. The 
following procedures were then carried out 
with this detector: 

Method 1. Differential spectrums of I?! 
were run using 0.45 uc. Our usual tech- 
nique was followed. We first used a t 1.0 
volt window to find the maximum peak 
location at various conditions of gain, high 
voltage and baseline voltage. 

Method 2. Differential spectrums were 
run using 0.03 uc of I. The optimum 
operation point (where stability and the 
ratio of count squared over background 
was maximal) was determined. 

Method 3. Using differential counting 
and the optimum operation point, the 
higher activity sample was counted from 
o-155 minutes. The higher activity sample 
was withdrawn from the well and immedi- 
atelv replaced with the lower activity sam- 
ple of I. The lower activity sample was 
counted for 210 minutes. 

Method 4. 0.52 uc of Co? was counted 
from o-115 minutes by differential count- 
Ing. 

Method 5. Integral counting was done 
using Fe?? in concentrations ranging from 
0.007 uc-O.29 uc in a series of 22 samples. 
The samples were counted in a routine 
manner for +3 minutes each. 

RESULTS 

Rechecking the optimum operating 
points determined by Methods 1 and 2, we 
found that the operating point determined 
by using the higher activity sample had de- 
creased by 4 volts (our spectrometer base- 
line is calibrated from o-10o volts to cor- 
respond to isotope energy), while the 
operating point found by using the lower 
activity had changed insignificantly, 7.e., 
+ 0.2 volts. 

Figure 1 shows the graph resulting from 
counting the I?! higher activity specimen 
by Method 3. It can be seen that the count 
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Fic. 1. Curve showing the decrease in count rate of 
the same sample due to? photomultiplier fatigue 
using Method 3. The 100 per cent represents time 
o count/min. of the sample. Other points on the 
curve represent the per cent obtained at different 
specific times in theo-155 minute time period. 


rate for this standard suffered a 30 per cent 
loss. Figure 2, also resulting from Method 3, 
shows the graph of counting lower activity 
[?' during the recovery time (when the 
photomultiplier tube is returning to normal 
state). It can be seen from this graph that 
only 95 per cent of the original counts were 
reached after 200 minutes of recovery time 
for this photomultiplier tube of our system. 

The differential counting of Co? by 
Method 4 showed no fatigue effect during 
this counting time. 
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Fic. 2. Curve showing the returning of a sample 
towards its original counting rate during photo- 
multiplier recovery time. The sample was counted 
at different times during the o-200 minute time 
period. 
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Table 1 shows the results obtained from 


the integral counting of Fe?" samples of 


Increasing concentration in terms of count 
/min./uc as determined in Method 5. It 
can be seen that time factor and uc con- 
centration caused an almost twofold in- 
crease in count/min./uc for Fe’ for our 
photomultiplier tube. It can also be noted 
that, in this case, fatigue began in approxi- 
mately 30 minutes of counting time. 


DISCUSSION 


Photomultiplier fatigue has been tound 
to be caused bv surface changes on the 
dynodes of the electron multiplier due to 
electron bombardment.? This may result in 
a decrease of sensitivity and may be a shift 
of spectral distribution; 7.e., the photoelec- 
tric threshold may be reduced to shorter 
wave lengths.® Others* have claimed that a 
gain or reduction can occur in the photo- 
multiplier tube. The object of our studv was 
to find its significance in our medical iso- 


Taste | 


EFFICIENCY CHANGES RESULTING FROM 
PHOTOMULTIPLIER FATIGUE INTEGRAL 
COUNTING FrE?? 








Sample No. uc Content Count/ Min. /uc 





I 7 200 par 1.962€ 10* 
2 L.4890X IO * 2,320 X LO? 
3 2.299 pg * 2.3559X 10? 
4 2,969 X I0^* 2.343 X 108 
5 7,711X ie” 2.992% 10° 
6 £190 107 2.904 X IO? 
7 $£.053€ 10^ * 2.924 X 10° 
8 6.675 X10 * Sst T0 
9 4.412 X10 S 3.369 X 10? 
10 Sa Ika xo * 3.380X 10° 
II 8.896X10 7 2,117 X io 
I2 9.642X10 ? 3.935 X 10? 
I3 0.1038 3.935% 10° 
I4 O.III3 3.941 X Io? 
I5 0.1484 4.140X 10° 
16 0.1558 4.013 X 10? 
17 0.1632 4.023 X 10? 
18 0.1706 34910 10? 
19 0.18550 A135 TOP 
0.2077 4.070 X 10° 
2d O.2374 4.030 X 10? 
a2 0.2960 4.128 X 108 
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Fic. 3. (4) Schematic drawing of the 0.36 mev. area 
of the I?! spectrum showing count loss due to 
fatigue during differential counting by Method 2. 
Note that the high count rate (fatigue producing 
specimen) has caused the I?! peak to move upscale 
from the window position predetermined for opti- 
mum counting condition by the lower count rate 
specimen. (B) Schematic drawing of 0.36 mev. 
area of the I?! spectrum showing counting loss due 
to fatigue during differential counting by Method 
I. Note that the optimum operation point was pre- 
determined by a high activity specimen. During 
recovery, a peak moves down scale. 


tope procedures. Our data showed that, 
when the fatigue producing specimen was 
removed from the detector for a consider- 
able length of time, the spectrum moved 
down scale from baseline 36 volts to 32 
volts. This is shown schematically in Fig- 
ure 3.7. However, if the spectrum was 
determined bv a nonfatigue producing 
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Fic. 4. (4) Integral spectrum before onset of fatigue. 
Note area under curve counted and discriminator 
setting. (B) Integral spectrum due to fatigue. 
Note that the discriminator setting has not 
changed but larger area 1s being counted due to 
spectrum shifting. 


standard, and a later, higher activity 
specimen caused fatigue, the spectrum 
moved up scale (Fig. 35). One can under- 
stand that as the spectrum moves from 
within the window previously determined, 
the count rate will decrease. The integral 
count rate increased rather than decreased 
as shown by the count/min./uc increase of 
Fe? in Table r. The integral spectrum has 
no upper discriminator as compared to the 
differential spectrum. Figure 4, Æ and B 
shows the theorv of this counting increase. 
The original spectrum 1s shown with the 
discriminator set at 1.25 mev. The area of 
the spectrum counted 1s shown. When the 
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tube fatigues, the entire spectrum shifts 
to the right. The discriminator setting 1s 
not changed, but a larger area of the spec- 
trum is to the right of the discriminator, 
producing a higher count than was previ- 
ously registered. 

Our data showed that falsely high or 
falsely low count rates can result from 
photomultiplier fatigue. It not only will 
attect the specimen which causes fatigue, 
but every specimen counted during the 
fatigue period or while recovery is taking 
place will be affected. Fatigue exhibited 
itself in our department while we were 
routinely running an I! spectrum and 
another time while finding the resolving 
time of a counting system. Our test for 
fatigue is to test the suspected fatigued 
tube in another counting system and also 
to test a stand-by tube in the system that 
originally contained the fatigued tube. 

It is well known that the reaction of 
radiation in the detector, the energy of the 
emitted electron, is in direct relation to the 
gamma mev. The equations of these reac- 
tions are also well known.’ Our findings of 
failure of 0.123 mev. Co?! to cause fatigue 
where 0.36 mev. I?' and 1.29 mev. Fe? 
did for the same photomultiplier tube could 
be explained by the fact that higher ener- 
gies have a greater impact on the photo- 
cathode and dynodes. Fatigue could affect 
routine isotope techniques in many ways 
and could result from procedures not men- 
tioned above. For example, fatigue might 
be produced by leaving a high activity 
standard in the counting position for a long 
period of time with the high voltage up. It 
must be remembered that radiation is still 
being detected even though counts are not 
registering. Scanning of a thyroid after 
giving therapeutic I'*! doses, counting a 
series of blood or plasma samples whose 
activity is too high for a specific tube, or 
having the counter ready to count in the 
area of a patient who has had a large radio- 
active dose or around the dose itself, could 
cause photomultiplier fatigue if the tube 1s 
susceptible to fatigue. We have been sup- 
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plied with a 0.5 uc standard of 0.622 mev. 
Cs for spectrum purposes by the manu- 
facturer of a spectrometer. In view of the 
presented data, one should investigate the 
nature of the photomultiplier tube care- 
fully before using such an active standard 
for running spectrums for precise resolu- 
tion since much time is required for such 
procedures. Photomultiplier fatigue can 
occur during any procedure where the 
light intensity or count/min. exceeds the 
physical structure of a specific photomulti- 
plier tube. 

Our data showed that the effect of 
fatigue can result in data that would other- 
wise be normal, appear abnormal, or could 
make abnormal data appear normal. In 
addition, many hours could be wasted 
looking for experimental errors, whereas 
the cause could be attributed solely to 
photomultiplier fatigue. 


SUMMARY 


Photomultiplier tube fatigue can develop 
in the equipment and procedures used in 
routine medical radioisotope work. It can 
cause a falselv increased or decreased count 
rate. An affected tube will function ab- 
normally during counting subsequent to 
the development of fatigue and until re- 
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covery has taken place, which may require 
several hours. 


Radioisotope Service 
Veterans Administration Hospital 
Albany, New York 
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THE 24 HOUR I" UPTAKE AND CONVERSION RATIO 
IN PALIENIS Will GANGER™ 


By D. JOSEPH PASTORELLE, Jz. 
and SIDNEY 


M.D., ARTHUR TURK, M.S., CARL J. COLLICA, B.S., 
RUBENFELD, M.D. 


NEW YORK, NEW YORK 


HE 24 hour I?! uptake and conversion 
ratio are the most commonlv emploved 
measures of thyroid function in Bellevue 
Hospital and in many other centers 
throughout the countrv. Together, thev 
provide a good indication of thyroid func- 
tion and are regarded as perhaps the most 
reliable indices available." 
Multiple metabolic studies were made on 
a large group of patients with various ma- 
lignant diseases during their pretreatment 
work-up. One of these parameters, the 
radioactive thyroid profile, exhibited a con- 





24 hr. CR in %= 





active sodium iodide 131 orally. Twenty- 
four hours later, a heparinized venous 
blood sample was obtained and 4 cc. of 
plasma was counted in a 13 inchX2 inch 
sodium iodide well-type crystal. The pro- 
tein in the sample was then precipitated 
with 10 per cent trichloracetic acid and 
after three washings the precipitated frac- 
tion was resuspended in 10 per cent sodium 
hydroxide solution, restored to a 4 cc. vol- 
ume, and counted in the well. 

The conversion ratio was then calculated 
bv use of the formula: 


Cts./min. of resuspended protein fraction — backgr ound (cts./ min.) 


— —— X IOO 


Cts, min. of plasma sample— background (cts./ min.) 


sistent pattern. The following report indi- 
cates the change noted in the 
values obtained from these tests in patients 
with cancer. 
MATERIALS AND METHODS 

Fifty-five patients with cancer and 58 
control patients with no clinical cancer or 
thyroid disorders were studied. 





range of 


Uptake was determined by counting over 
the thyroid gland with a 1 inch X 1 inch Nal 
crystal scintillation detector in conjunction 
with a spectrometer-scaler system. This 
was compared to a source of activity which 
was the same as was administered to the 
patient. À standard neck phantom was 
employed. Uptake was then calculated as: 


Total cts./min. in neck — background (cts./ ‘min.) 





24 hr. Uptake in %= 


= FOO 


Taral cts. Santis. of standard — background y, /min.) 


Most patients in both groups were ambu- 
latory and were not receiving radiation, 


hormones or chemotherapy at the time of 


testing. None had had surgical treatment 
for at least 1 month prior to testing. Body 
weights and ages in both 
similar. 

Each patient was given 50 uc of radio- 


groups were 


RESULTS 


Results obtained from both groups were 
compared and are graphically illustrated in 
Figures 1 and 2. 

Figure 1 indicates that the mean of the 
distribution of conversion ratios in cancer 
patients falls within a range associated with 
hypofunction of the thyroid gland. Statisti- 


* From the Departments of Surgery and Radiation Therapy, New York University Co llege of Medicine, New York, New York 


Aided by Grant ZN-14E from the American Cancer Society. 
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Fic. 1. Distributions of 24 hour I?! conversion ratios. 


cal analysis? shows a mean value for con- 
version ratio of 17.3 with a standard devia- 
tion of 10.5. The mean for control patients 
is 36.2 with a standard deviation of 17.5. 
On ¢ test analysis the probability (P) of the 
distributions coming from the same popula- 
tion is less than 1 per cent (P «o.ot) and 
hence the difference is significant. 

The mean I?! 24 hour uptake for cancer 
patients is significantly lower than in the 
control group although it is within the usual 
normal range. The mean value is 24.6 with 
standard deviation of 9.5. For the controls 
the values are 30.4 mean and 11.2 standard 
deviation. 

Percentage incidence in each group for 
hypothyroid, euthyroid and hyperthyroid 
ranges based on uptake and on conversion 
ratios is presented in Tables 1 and 11. 

Distributions of uptakes and conversion 
ratios in the control group are comparable 
to those in a large series from which func- 
tional ranges were initially established in 
the Bellevue Hospital Isotope Laboratory. 
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TABLE I 


I?! 24 HOUR CONVERSION RATIO IN CANCER 
PATIENTS AND CONTROLS 











. Per Cent Incidence 
Conversion Ratio 


Functional Range 





Cancer Control 
o- 19 (Hypothyroid) 74.5 17,4 
20- 49 (Euthyroid) 25.5 30.7 
O I2. 1I 


s0-100 (Hyperthyroid) 





It is appreciated that there may be slight 
variation in limits of functional ranges 
established in various laboratories. This, 
however, does not invalidate the statistic- 
ally significant difference between distribu- 
tions in the cancer and control groups. 


DISCUSSION 


The findings indicate that the 24 hour 
radioactive iodine uptake and conversion 
ratio are altered in patients with malignant 
disease. The values obtained for conversion 
ratio in these patients are in the range usu- 
ally associated with thyroid hypofunction. 
Although the mean value for uptake for the 
cancer group was in the normal range, the 
distribution of 24 hour uptake of I! was 
significantly lower in the cancer than in the 
control group. 

These findings suggest that a state of 
relative hypometabolism exists in the study 
group. What might be the underlving 
mechanism that could cause "cancer pa- 
tients" taken as a group, seemingly with- 
out regard to the kind of cancer and the 


TABLE II 


[?! 94 HOUR UPTAKE IN CANCER PATIENTS 
AND CONTROLS 





Per Cent Incidence 








Uptake 
Functional Range à i 
* Cancer Control 
o- r9 (Hypothyroid) 32.8 16.3 
20- 49 (Euthyroid) 65.4 rm 
s0-100 (Hyperthyroid) 1.8 8.2 
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stage of development of the disease, to have 
a lower distribution of uptakes and conver- 
sion ratios than in a series of “‘hospital- 
normal” patients? Might it be that these 
decreased values are not a property of the 
malignant state but rather only a manifes- 
tation of any type of severe illness? This 
would not seem to be true since the control 
group was taken from the in-hospital popu- 
lation with the only criteria for selection 
being the absence of clinical cancer and 
those previously indicated criteria for the 
cancer patients. Also, the weights and ages 
of both groups were similar. 

What, then, is the common denominator 
in patients with malignant disease which 
could cause a lowering of I”! conversion 
ratio and uptake? It is possible that cancer 
induces hypometabolism or that an existing 
hypometabolic state provides a favorable 
environment for malignant disease. Others 
have suggested that thyrotoxicosis may 
provide an unfavorable state for develop- 
ment of neoplastic cells.?? These decreased 
indices of thyroid function in the cancer 
group, then, may reflect the fact that de- 
creased thvroid function is associated with 
increased incidence of cancer. Another 
alternative 1s that the malignant state 
changes the radioactive profile by altering 
the intra or extra-thvroidal metabolism 
of inorganic 1odide or thyroxine. Although 
study of these problems has begun they are, 
as yet, unsolved and this work is presented 
to illustrate an altered range of thyroid 
function in cancer patients as measured bv 
the radioactive iodine profile. 
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SUMMARY 


Distributions of 24 hour I?! uptakes and 
conversion ratios in a group of patients 
with malignant disease and similar con- 
trols are compared. 

Distributions in the cancer group are 
significantly lower than in controls. 

A large number of cancer patients stu- 
died have radioactive iodine 131 conversion 
ratios usually associated with hypothyroid- 
ism. Many of these patients also show Į?! 
uptakes in the hypothyroid and low eu- 
thyroid range. The implications of these 
findings are discussed. 


D. Joseph Pastorelle, Jr., M.D. 
New York University 
School of Medicine 
550 First Avenue 
New York 16, New York 
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STRONTIUM 85 PHOTOSCANNING IN 
PAGET'S DISEASE* 


WITH COMMENTS ON SEVERAL OTHER SKELETAL PROBLEMS 


By EDWARD W. KLEIN, LCDR MC USN,ft and RONALD R. LUND, LCDR MC USNI 


GREAT LAKES, ILLINOIS 


[p strontium 85 became readilv 
available, radioisotopes found little 
application in the clinical studies of bone 
disease. For such clinical studies, a bone- 
seeking isotope is desired which will (1) 
concentrate in the region of pathology, (2) 
deliver a photon easily detectable by ex- 
ternal scanning equipment, (3) emit neither 
alpha particles nor beta particles (which 
merely increase radiation dosage without 
giving a potential "signal"), (4) have a 
physical half life long enough to permit 
shipping and handling but short enough to 
keep radiation exposure within acceptable 
limits, (5) be a normal constituent of bone 
or closely mimic the metabolism of a nor- 
mal constituent of bone, (6) be reasonably 
nontoxic in the chemical form used, and 
(7) be readily available as a relatively in- 
expensive pharmaceutical preparation. 

Most radioisotopes previously used, such 
as phosphorus 32,° gallium 72,? barium 
140!" and calcium 47, fall short of these 
ideals. Strontium 85, however, best fills the 
criteria for studies of bone disease by photo- 
scanning techniques. 

The kinetics of strontium metabolism in 
man has been extensively reviewed by 
Bauer and Ray. They studied various 
lesions of bone by external counting utiliz- 
ing Ca’ and Sr*, and were able to show in- 
creased uptake of Sr* in such skeletal 
lesions as Paget's disease, osteomyelitis, 
chondroma, eosinophilic granuloma, frac- 
tures and metastatic carcinoma.? In 1961 
Gynning ef al." showed the usefulness of 
Sr? in localizing metastatic carcinoma of 
the breast to bone. Photoscanning of bone 


lesions utilizing Sr? by Fleming e a/.,* as 
well as studies of metastatic bone lesions 
with Sr? by Sklaroff and Charkes,? have 
been recent contributions to the clinical 
usefulness of photoscanning with Sr*. 

Strontium 85 has a half life of 65 days. It 
decavs by electron capture to metastable 
Rb* which emits a single gamma photon of 
O.513 mev. and becomes stable Rb*. The 
lack of alpha or beta emissions maintains a 
low radiation dose to bone. Approximately 
45 per cent of the administered dose is re- 
tained (total body) by the fifth day,'—z; 
per cent being excreted by this time. It has 
been shown that 60 per cent of the ab- 
sorbed dose, after oral administration, is 
rapidly deposited in the skeleton by 15 
hours and then decreases slowly with time. 
The radioactivity in the soft tissue (or 
plasma and extracellular fluid) disappears 
rapidly from the body with a biologic half 
lite of about 1.5 days. In contrast, the bone 
binds strontium more avidly, 50 per cent 
being lost with a half life of 15 days. 
Twenty five per cent is bound closely for a 
long time with a biologic half life of 600 
days.” The total whole body dose to a 
standard man utilizing a £o uc dose has 
been estimated at 0.326 rads. The bone dose 
Is approximately 2.28 rads.? 

Although Sr* is not a normal constituent 
of bone, it has been shown (Bauer, Carlsson 
and Lindquist, 1958) that the skeleton does 
not distinguish between calcium and stron- 
tium (in trace amounts). This skeletal up- 
take may be explained by at least two pro- 
cesses: (1) an 1onic exchange equilibrium 
between the strontium in the circulating 


* From the Department of Radiology, U. S. Naval Hospital, Great Lakes, Illinois. 
The opinions expressed are those of the authors and do not necessarily represent the views of the Navy Department. 


T Director, Radioisotope Liboratory, Staff Radiologist. 
1 Chief, Department of Radiology. 
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fluid and the calcium in the surfaces of bone 
crystals which is rapid, and (2) a slower 
diffusion into the apatite crystalline lattice 
of the calcified tissue." 

During the early phase, the strontium 
deposited on the outer layer of bone will 
penetrate into the inner lattice of the 
crystals, while at the same time, it will be 
removed by ionic exchange from the sur- 
faces to the blood stream. As time goes on, 
the strontium will penetrate to the mee 
layer of bone and the radioactivity will not 
be removed from the surfaces. Bone resorp- 
tion then affords the only means for the re- 
lease of the bound strontium during the lat- 
ter state.? 


TECHNIQUE 


Strontium 85 is obtained from Abbott 
Laboratories of Oak Ridge. It is supplied in 
the form of strontium chloride in a sterile 
solution. The puritv 1s greater than 98 per 
cent Sr? with less than 1 per cent Sr?" and 
no Sr”. There is occasionally a trace of Co? 
and Zn°’. The stock solution is prepared by 
diluting the Sr? with sterile physiologic 
saline resulting in a solution containing 30 
uc of Sr per milliliter. Thirty to fifty 
microcuries are injected intravenously and 
scanning is done in 24 to 48 hours. Areas to 
be scanned are selected by roentgeno- 
graphic bone changes, or by probe counting 
over the suspected areas. 

Photoscanning is performed on a Nuclear 
Chicago Dual-Scanner #1705 equipped with 
a DS 301 probe housing a 3X3 inch thal- 
lium-activated sodium iodide crystal. A 
coarse 19 hole focusing collimator is used. 
The counting rate is variable, showing ra- 
tios of 2-7 to 1, over the affected bone com- 
pared to normal bone. Count rates are of- 
ten quite low over tubular bone, posing 
slight problems in obtaining diagnostic 
scans in mild cases. 

Satisfactory scans are obtained by using 
routine radiographic film which is subse- 
quently processed through the radiology 
department X-omat processor. The speed of 
scanning is usually 15 to 21 cm. per minute; 
so to 70 per cent maximum count accept- 
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ance with an 80 kev. window surrounding 
the single 0. £13 mev. gamma photon of Sr*. 
The developed scans are then superimposed 
on roentgenograms to pinpoint the areas of 
increased. uptake. 


PHOTOSCANNING IN PAGET' S DISEASE 


The etiologv of Paget's disease remains 
unknown. It is found in over 3.5 per cent of 
the population over the age of 45 years. The 
disease shows a familial predisposition and 
affects males more often than females." 

Paget's disease is primarily one of bone 
destruction. Osteoclastic resorption of the 
trabeculae of the spongiosa or the walls of 
the haversian canals of the compacta 1s 
followed by connective tissue proliferation. 
Immature membranous bone is formed 
which is destroved and reconstituted re- 
peatedlv, producing the irregular numerous 
cement lines and characteristic mosaic pat- 
tern outlined by Schmorl." It is this con- 
stant turnover of the immature membra- 
nous bone which is the reason for the high 
uptake of Sr* in lesions of Paget's disease. 
Also, rapid turnover in the periosteum, 
wide > extensive involvement stimulates the 
periosteum to produce Pagetoid bone, aids 
in the Sr? uptake. 

The destructive process is self-limited 
and is followed by osteogenesis, which is a 
manifestation of healing. Stress stimulates 
osteogenesis, as in weight bearing, and 1s 
inhibited by immobilization. The serum 
alkaline phosphatase, representing the de- 
gree of osteoblastic activity, 1s elevated in 
cases of extensive involvement and active 
disease. It is least elevated in the healed or 
sclerotic phase. The sedimentation rate 
may also be elevated in the active phase.^ 

The radioisotope service has had the oc- 
casion to study 3 patients with Paget's dis- 
ease. One (F.R.) posed a diagnostic problem 
in which we feel the Sr* study was of 
definite clinical aid. We were able to show 
that in active lesions of Paget's disease the 
uptake of Sr* is at least 5—7 times that of 
normal bone. The following cases are pre- 
sented as a result of our study. 
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Case 1. Oblique roentgenogram of the man- 
dible. Note dense osteosclerotic deposits about 
roots of the teeth in both the maxilla and mandible. 
Such an excess of hyperplastic cementum is pecu- 
liar to Paget’s disease and when present serves as a 
point of differentiation from other osseous lesions 
that may involve the jaw." It is also worthy of 
note that the mandible in comparison to the 
maxilla is seldom affected, but in most mandibular 
cases the maxilla is also involved. 


ILLUSTRATIVE CASES 


Case r. F.R., a 42 year old white male, was 
referred to our dental department for slight 
right submandibular swelling. He had had a 
tooth extraction a few weeks before. The re- 
ferring dentist had also noted an unusual bony 
mottling of the mandible. He was concomi- 
tantly being treated in the orthopedic depart- 
ment for multiple fractures of the extremities, 
incurred in an automobile accident 1 year pre- 
viously. There was a history of mandibular 
fracture 20 years ago. 

Roentgenograms of the mandible showed 
osteosclerosis, highly suggestive of deposits of 
cementum about the roots of the teeth in both 
the mandible and maxilla (Fig. 1). Roentgeno- 
grams of the skull (Fig. 2) as well as of the 
lower extremities (Fig. 3) revealed early but 
active changes of Paget's disease. 

Fifty microcuries of Sr’ were given to the pa- 
tient and to our amazement the lesions of the 
maxilla and mandible showed considerable up- 
take. All areas of involvement were 5 to 7 times 
more active in trapping the Sr% than was the 
normal bone (Fig. 4). 

The composite findings led us to believe that 
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lic. 2. Case 1. Lateral roentgenogram of the skull. 
Again the changes in the maxilla and mandible are 
seen. The calvarium shows early destructive 
changes of Paget's disease with some small patches 
of sclerosis being noted. 





Hic. 3. Case 1. The right tibia and fibula present uni- 
form longitudinal thickening of the trabeculae 


with a concomitant decrease in the marrow 
space. The cortex is only minimally thickened. 
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Fic. 6. Case 11. Lateral photoscan of the skull clearly 
shows the marked increase in Sr? uptake over the 
areas of the destructive process. 





Forces Institute of Pathology. The final diag- 
nosis of those reviewing the slides was Paget's 
Fic. 4. Case 1. Photoscan of the head. The scan disease of the mandible and maxilla. 
clearly shows increased uptake of Sr* over the 
mandible and maxilla and base of the skull. Case 11. E.K., a 44 year old white female, was 
The count rate over the calvarium exceeded hospitalized for neck pain. She had been known 
that of normal bone by a factor of 4. 


the lesions in the mandible and maxilla repre- 
sented Paget’s disease in spite of a normal 
serum alkaline phosphatase and a normal sedi- 
mentation rate. A biopsy specimen from the 
mandible was extensively reviewed by members 
of the Department of Pathology at the L. 
Naval Hospital, Great Lakes, and at the Armed 





Fic. 7. Case 11. Comparative studies of the tibias. 
Changes are discernible in both the right tibia and 
Fic. ç. Case 1. Osteoporosis circumscripta of the &bula and in the lower femur. The left tibia was 
frontal, posterior, parietal and occipital bones. interpreted as not showing any significant changes. 








iG. 8. Case 11. Photoscan of the lower extremities 
(both upper tibial regions were scanned during one 
sitting with the probe moving across both legs) 
shows again that the area of disease concentrates 
Sr? to a very high degree. The minimal uptake 
over the normal extremity was such that it did not 
exceed the minimum count acceptance. 


to have Paget’s disease for 10 years. The 
calvarium disclosed typical changes of osteo- 
porosis circumscripta (Fig. 5). Following ad- 
ministration of 30 uc of Sr*, the photoscan 
clearly showed very high uptake in the regions 
of the destructive process (Fig. 6). Roentgeno- 
grams of the tibias and the subsequent photo- 
scan are shown in Figure 7 and 8. 


Case 111. E.G.S., a 36 year old white male, 
experienced pain in the left shoulder following 
an automobile accident. Roentgenograms 
showed no fracture; however, there was a 





Fic. OQ. Case III. Roentgenogram shows the increased 


trabecular pattern associated with sclerotic 


changes within the humeral head. 
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e a 
Frc. 10. Case 11. Photoscan of the involved humeral 
head shows the high uptake of Sr* indicative of 
rapid bone turnover. 


marked change in the trabecular pattern of the 
humeral head. He was admitted for evaluation. 
The past history was uninformative. Physical 
examination was normal. Laboratory studies 
were normal including the alkaline phosphatase. 
Bone survey revealed increased trabeculation of 
the left ilium and pubis. Figures 9 and 11 show 
the involved bones. Figures 10 and 12 are the 





11. Case iir. Roentgenogram shows sclerotic 
changes within the left iliac bone. 


FIG. 
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l'1G. 12. Case iri. Rapid bone turnover in the area is 
demonstrated by the increased uptake. 


respective photoscans. The findings pointed 
conclusively to Paget's disease which was sub- 
stantiated by biopsy. 


Case 1v. S.H.J., a 17 year old white male who 
was admitted because of persistent coughing 
and dyspnea, also noted pain in the right hip for 
a period of 6 weeks. This was relieved by 
aspirin. Physical examination was not remark- 
able. However, the roentgenogram of the chest 
demonstrated a diffuse fibronodular infiltrate 
without evidence of lympadenopathy. A radio- 
lucent defect was shown in the ilium (Fig. 13). 





Fie: 13. 
shows obvious osteolytic lesion of the ilium. Note 
the ill defined borders, particularly over the supe- 
rior surface. The roentgenogram is reversed right 
for left as the photoscan is performed with the pa- 
tient prone. 


Case Iv. Anteroposterior roentgenogram 
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FG. 14. Case 1v. Photoscan indicates the high bone 
turnover in the lesion. It also suggests that the 
lesion is slightly larger than it appears to be on 


the roentgenogram. (Diagnosis: eosinophilic 


granuloma.) 


Thirty microcuries of Sr* were given and the 
resulting photoscan 1s shown in Figure 14. The 
diagnosis in this case was eosinophilic granu- 
loma. 


Case v. D.R.C., a 21 year old Caucasian 
male, was known to have Hodgkin's disease for 
several years. At this time he was complaining 
of nonradiating recurrent low back pain. 
Roentgenogram of the pelvis showed a sclerotic 
lesion of the right ilium (Fig. 15). The photo- 
scan 1n Figure 16 is superimposed on the plain 
roentgenogram of the pelvis. Surgical explora- 
tion disclosed a soft tumor mass just inside the 
posterior superior iliac spine of the right ilium. 
surrounding this was dense sclerotic bone. The 
tumor mass was under the periosteum. Histo- 
logic examination proved the lesion to be Hodg- 
kin's disease. 





Fic. 15. Case v. Anteroposterior roentgenogram of 
the pelvis. There is a dense sclerotic lesion juxta- 
posed to the right sacroiliac joint within the ilium 
(patient prone). 
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Fic. 16. Case v. Photoscan superimposed over roent- 
genogram shows the lesion to be active in bone 
turnover. (Diagnosis: Hodgkin's disease.) 


SUMMARY AND CONCLUSIONS 


I. Strontium 85 has proven to best fill 
the criteria of an isotope for clinical studies 
of bone disease by photoscanning. 

2. The kinetics and metabolism of Sr* 
have been reviewed. 

3. Increased uptake of Sr* in Paget's 
disease has been reaffirmed and shown to 
be of clinical value. Three cases are cited as 
examples. 

4. A case of eosinophilic granuloma of 
bone and one of Hodgkin’s disease, which 
were investigated by Sr* are also reported. 


E. W. Klein, LCDR MC USN 
Department of Radiology 

U. S. Naval Hospital 

Great Lakes, Illinois. 


The authors wish to express their gratitude to 
the members of the Orthopedic Department for 
their cooperation in forming this paper; also our 
thanks to Jacob L. Poroo and members of the 
Radioisotope laboratory. 
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A DOUBLE HEADED COBALT 60 
LELETHERAPY UNLE* 


By J. 


R. CUNNINGHAM, Pu.D.,f C. L. ASH, M.D.,t an? H. E. JOHNS, Pu.D.§ 


TORONTO, ONTARIO 


N A LARGE radiotherapy. institution, 

such as the Ontario Cancer Institute, 
there may be several cobalt 60 teletherapy 
installations. Such an institute has the 
recurring problem of the uneconomic dis- 
posal of used cobalt 60 sources. A method 
of making use of these “half strength" 
sources is to mount two of them in a double 
headed unit so as to produce a parallel and 
opposing pair of radiation beams. Thus, 
the two half strength sources are made 
equivalent to a new source. This is a much 
better alternative than using the half 
expended source in a short distance unit. 
The unit to be described here uses two 
sources at 85 cm. source-to-axis distance 
and produces an accurately aligned pair of 
parallel and opposing beams, a configura- 
tion which is basic to many forms of radia- 
tion treatment. It should be pointed out 
that such a unit would not be useful as the 
only unit in a department, but is a practical 
and efficient source of radiation in a large 
institution where there can be a full load 
of patients requiring parallel opposing 
pairs of fields. 


DESCRIPTION OF THE UNIT 


The sources are carried in identical 
heads mounted on opposite ends of a hol- 
low steel C-shaped column which is in 
turn mounted on a horizontal axle carried 
by the base of the unit. A photograph of 
the unit along with a specially. designed 
treatment couch for it is shown in Figure 1. 
The angulation can be altered both from 
the control panel and from a hand control 
in the room. The height of the couch can 
also be adjusted from this same hand con- 
trol as well as from the side of the couch 


* From the Ontario Cancer Institute, Toronto, Ontario, Canada. 


T Physics Division, Ontario Cancer Institute. 
t Director, Ontario Cancer Institute. 
§ Head, Physics Division, Ontario Cancer Institute. 





liG. 1. Photograph of double headed 
coba.t 60 teletherapy unit. 


itself. The base of the unit is bolted to the 
floor. 

A cross-sectional drawing of one of the 
heads is shown in Figure 2. When the source 
is in the "of" position, it is centrally lo- 
cated within tae lead shielding material of 
the head. In tae “on” position, the source 
is located close to the top, or towards the 
outside of the head. This part of the head 
is in the direction away from the patient 
and so protection requirements are less, 
advantage being taken of the fact that the 
walls, ceiling and floor of the room add to 
the protection of personnel not in the 
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Fic. 2. Cross sectional diagram of head showing collimator, shutter mechanism and shielding. 


room. Accepting this idea, it is then possi- unit. A spring, not shown, turns the 
ble for a source-to-axis distance of 85 cm. sprocket to bring the source to the “off” 
to be obtained with the axis of rotation of position at the end of the treatment and 
the unit only 105 cm. above the floor. The also in case of power failure 


floor in the region of the couch is left free Figure 3 1s a photograph showing one of 
and unobstructed, no pit or platform being the collimators in an open position. The 
required. interleaving vanes, which are cut from 


A rather novel arrangement for the  "heavimet," can be seen. They are con- 
source movement is required to move the tinuously adjustable, giving fields at the 
source from the “off” to the desired "on" axis of rotation of from AT Gm. TO 35x24 
position shown in Figure 2 and still not cm. 
interfere with the collimator. To do this, 
the source is mounted in a curved carriage 
with rectangular cross section. The source 
carriage 1s propelled within a curved tunnel 
by means of a roller chain. The chain leads 
trom the front of the source carriage, 
through a guide fixed in the head to a driv- 
ing sprocket and back through a second 
guide in the head to lie in a groove cut in 
the top of the source carriage and is fast- 
ened to the rear of the carriage. A turn of 
the sprocket in the direction shown bv the 
arrow in Figure 2 moves the source toward 
the “on” position and a turn in the reverse 
direction. turns the source off. The entire 
mechanism, exclusive of the source carri- 
age, IS mounted on a framework which 
slides into the head from the rear. A set of 
counterweights balance the source carriage 
so that the motion of the source is not af- bó. 





d i 3. Photograph of collimator showing 
fected by the angular orientation of the adjustable vanes in open position. 





Fic. 4. Photograph of specially constructed couch 
showing the “skin sparing” opening at one end and 
the narrowed down portion at the other. 


Figure 4 is a photograph of the couch. 
The top has been specially constructed 
such that one end of it has an opening cov- 
ered bv a nylon cord mesh for the purpose 
of providing "skin sparing” for posterior 
radiation beams. The top of the couch can 
be rotated through 180° and the other end, 
which is narrowed down at the beam posi- 
tion, offers no obstruction to oblique fields 
such as are used in treatment of the chest 
wall. 


DOSIMETRY AND LIMITATIONS 


1. Dose at the Axis of Rotation. Since a 
rotational mount is employed, dosage cal- 
culations are most conveniently based on, 
or referred to, the axis of rotation of the 
unit and, for practical purposes, it 1s con- 
venient to have the exposure rates in air 
from the two sources equal at this point. 
This could be brought about by using equal 
source strengths or by providing an ab- 
sorber to decrease the output of the 
stronger of an unequal pair, or bv providing 
à timing compensation for unequal pairs. 
One could also use the machine from alter- 
nate directions on alternate days. The 
sources presently in use in the unit being 
described are fortuitously equal in strength 
to within 2 per cent. 
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Under these circumstances the dose at 
the axis of rctation in a phantom is given 
by the expression: 


D= E|T(d) + T(d»)] frissue (1) 
where Æ is the exposure rate! in air at the 
axis of rotation, from either of the sources, 
d, and d» are the distances from the surface 
of the phantom to the axis of rotation, 
T(d) and T(d. are the corresponding 
tissue-air ratios? for the field size at the axis 
of rotation and frissue is the factor required 
to convert exposure in roentgens to dose 1n 
rads. This expression is exact, but for 
practical purposes the simpler expression: 


D = 2E T(d)f, issue (2) 


is adequate over a very wide range of posi- 
tions of the patient with respect to the axis 
of rotation. Here, d is one half of the pa- 
tient thickness and is equal to (4;4-45)/2. 
The error introduced by using (2) rather 
than (1) mav be evaluated by reference to 
Table r, which shows values of the ratio 
(T(d,)+T(d:))/2T(d) for phantom thick- 
nesses of I2, 16, 20 and 24 cm. with the 
center of the patient displaced by different 
amounts from the center of rotation. The 
field size used for this calculation. was 
IOX Io cm. at the center of rotation. 

[t may be seen that the dose at the 


TABLE I 
vaLuss or [T(d;)+ T(ds)]/2 T(4) 


Phantom 
Thickness 12 16 20 24 


(di4- d») 





Center of 

Phantom to 
xis of Ro- 

tation (cm.) 








1.00 1.00 I .0O0 I.00 
2 1,00 — f.000- 1.004. 1.004 
4. I .002 I.OIA4 I.OIS9 
6 1:024. 1:056 
9 1:657 
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Fic. 5. Radiation distribution for 4 fields directed at a point not at the center of the phantom. Fields A and B 
are asymmetrically placed while fields D and C form a nearly symmetric pair. The distribution is normal. 
ized to read 100 per cent at the point of intersection of the fields. The maximum dosage within the treat- 


ment volume is towards the closest skin surface. 


center of rotation can be calculated using 
the tissue-air ratio for one half of the pa- 
tient thickness to an accuracy of better 
than 4 per cent even though the center of 
the patient is as much as 6 cm. from the 
axis of rotation. This means that for essen- 
tially centrally located tumors, only the 
patient thickness along the central ray 
need be known for “on axis" dosage calcu- 
lations. However, the dose to points not 
on the axis of rotation is affected more bv 
the patient position than is the axis dose— 
a result which stems from the fact that 
neither the doses at the tumor nor the 
doses at the surfaces are balanced, but 
that the two sources are “on” for the same 
length of time regardless of the patient 
position. This produces a radiation dis- 
tribution that is shifted toward the closer 
skin surface. This is illustrated in Figure 4 
which shows a distribution drawn for 4 
helds directed at point O which is 4 cm. to 
the left of and 3 cm. anterior to the center 
of a phantom, measuring 30 cm. from side 


to side and 20 cm. thick. The fields are 
directed along lines making angles of 60° 
with the vertical and are labelled A, B, C 
and D. This distribution was drawn from 
calculations, described elsewhere, made 
on an electronic computer and takes ac- 
count of surface obliquity and the differ- 
ence in source-to-skin distance for each 
held. The field size used was 8X8 cm. at 
the axis of rotation. 

Fields C and D form a nearly symmetric 
pair and the distribution can be seen to be 
uniform along the axis of these fields. 
Beams A and B, however, penetrate quite 
different. thicknesses of tissue in reaching 
point O, these distances being 8.5 and 19 
cm., respectivelv. The maximum of the 
distribution can be seen to be shifted in the 
direction of field A, the one that treats at a 
shallower depth. This results in a variation 
in dose of nearly 20 per cent over the area 
treated by the 4 fields, a variation which is 
about as large as would be considered ac- 
ceptable. 
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SUMMARY 


A double headed cobalt 60 teletherapy 
unit designed to make use of half expended 
cobalt 60 sources and produce accurately 
aligned parallel fields has been constructed. 
The unit has a source-to-axis distance of 
85 cm. and vet is compact in its external 
dimensions. A specially designed couch 
preserves the skin sparing effect from both 
beams. The unit described here has been 
used extensivelv over a period of more than 
a vear for treatments of the pelvis, and tor 
tangential field treatments of the chest wall. 
It is also used for a variety of other treat- 
ments where single pairs of parallel fields 
are called for. Tumor dose may be calcu- 
lated using the tissue-air ratio for one-half 
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the patient thickness and the exposure rate 
in air on the axis of rotation. The unit has 
proved to be practical for radiotherapy in 
a large institution. 
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ON THE SPECIFICATION OF FIELD SIZE FOR 
TELECOBALT UNITS* 


By ERIC J. 


HALL, 


Boe. LL PDT 


DENVER, COLORADO 


HE radiation beam from an orthovolt- 
age roentgen-ray machine has, for all 
practical purposes, a sharp, clearly defined 
edge. This is a result of two factors; firstly, 
the relatively small size of the focal spot, 
and secondly, the fact that a few milli- 


meters of lead suffice to effectively cut off 


the beam. Consequentlv, the specification 
of field size at conventional qualities has 
never been a problem; field size at a given 
focus skin distance 1s the area receiving 
primary radiation. The designation 8 X10 
cm. for example, would describe a field size 
essentially identical in institutions all over 
the world. This is not the case with cobalt 
60 therapy units. Three factors contribute 
to the large penumbra and indistinct field 
edge which are well known features of iso- 
tope teletherapy units; the large physical 
dimensions of the source, the appreciable 
thickness of absorber that is required. to 
limit the beam, and the space that must be 
allowed between the diaphragm svstem and 
the skin to preserve full build- up and the 
associated skin-sparing effect. 

Because the edge of the field is not sharp 
and clearly defined, some convention must 
be adopted to describe field size. In fact 6 
such conventions are in use. 

(a) A geometrical convention, sometimes 
known as Spier’s convention, defines field 
edge by a line from the back corner of the 


source, passing through the front corner of 


the diaphragm system (Fig. 1). 

(b In the geometrical convention 
recommended by the International Com- 
mission on Radiological Units (I. C. R.U.), 
the field edge is defined bv a line from the 
center of the front face of the source, pass- 
ing through the front corner of the dia- 
phragm system? (Fig. 1). 






ANN OO QW 


le— SPIER'S CONVENTION —# 
ļe—— ICRU CONVENTION —— —4 


Vic. 1. Hlustrating the two commonly used 
geometrical conventions for field size. 


(c and d) Field size is often expressed in 
terms of the width of an isodose curve 
measured at a depth of o.5 cm. in a unit 
density phantom; the 50 per cent and 80 
per cent isodoses have both been used by 
different investigators.?:'? 

(e) Width of the so per cent isodose 
curve measured in air.” 

(f) In practice, many therapists rely on 
the area illuminated by the light localizer, 
which is very convenient, but is not related 
in any way to the above conventions. 

While at first sight this subject may be 
dismissed as trivial, a closer examination 
will reveal that alarming difterences are 
possible between the various conventions. 
Even so, the choice of convention is unim- 


* From The Radiology Department, University of Colorado Medical Center, Denver, Colorado, 
Supported by a grant font The American Cancer Society (IN-5D #4). 
+ Fulbright exchange scholar. Present address: The Churchill Hospital, Oxford, England. 
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Fic. 2. Variation of nominal field size with width of 
the 80 per cent isodose measured at a depth of 0.5 
cm. in a unit density phantom. The closed circles 
refer to the Picker C 10,000 unit at the University 
of Colorado Medical Center; the open circles 
refer to the Picker C 3,000 unit at the London 
Hospital.*5 Both units have a source-skin distance 
of 80 cm. 


portant in a department where treatment 
planning is effected with isodose curves 
measured on the spot. However, there are 2 
other circumstances in which the choice 
becomes vital. Firstly, many departments, 
without the services of a physicist, may 
purchase a set of isodose curves from an 
organization such as, for example, the Hos- 
pital Physicist’s Association.* In the near 
future, it will be a temptation also to select 
a rotation therapy plan from an atlas of 
isodose distributions, several of which are 
in the course of preparation (one by the 
International Atomic Energy Agency in 
Vienna, and one by Dr. Perez-Tamayo at 
the University of Colorado Medical Cen- 
ter). Unless the conventions of user and 
producer coincide, the use of such "instant" 
data can be very misleading. Secondly, the 
exchange of treatment experience and 
techniques through journals loses much of 
its accuracy if a field which both writer and 
reader describe as 8X 10 cm. is in fact a 
quite different size on their respective 
machines. 
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Some measured and collected data will 
be reviewed to assess the differences in field 
size that can result from the use of various 
conventions; the precautions necessary to 
avoid errors in the use of published data 
will then become clear. 


MEASUREMENTS PERFORMED 


The high energy equipment at the Uni- 
versity of Colorado Medical Center con- 
sists of a Picker C 10,000 cobalt 60 unit, 
with a Johns-Mackay collimator. The 
nominal field size, as indicated by the cali- 
brated diaphragm controls, agrees closely 
with the area illuminated by the light 
localizer. For a representative range of field 
sizes (5X5, 6X8, 7X7, 8X10 and 10X10 
cm.), a set of principal plane isodose curves 
were plotted in a large water filled phan- 
tom. Measurements were made with an ex- 
ploring chamber, the sensitive volume of 
which had a diameter of 2 mm., coupled to a 
direct reading D.C. amplifier.* The cham- 
ber was moved by remote control from out- 
side the treatment room. The 1sodose 
curves obtained in this way were compared 
with those purchased from the Hospital 
Physicist's Association Diagrams and Data 
Scheme; these curves were measured at the 
London Hospital, England, on an essen- 
tially similar Picker unit. A significant 
difference was noticed between the 2 sets of 
curves, relating to the same nominal field 
sizes. The field dimensions with which the 
London Hospital curves are labelled closely 
approximate to the width of the 80 per cent 
isodose line; to a similar approximation, 
field sizes on the University of Colorado 
Medical Center unit refer to the 30 per cent 
isodose line. Figure 2 shows a comparison of 
the relation between nominal field size and 
width of 80 per cent 1sodose line for both 
sets of data; the resultant lines are parallel 
as would be expected since both series of 
measurements were made on essentially 
similar units. The vertical separation be- 
tween the two lines is close to 1 cm.; this is 


* This equipment was designed by Dr. A. Feldman and built 
by Blackwell Electronic Labs., Denver, Colorado. 
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a result of the disparity between the field 
size conventions used. The London hospital 
charts may therefore be used with the Uni- 
versity of Colorado Medical Center unit, 
provided that for a given diaphragm setting 
(say 8X8 cm.) the chart labelled 1 cm. 
smaller (.e., 7X 7 cm.) should be used. It 
this simple rule is followed no error will re- 
sult. 


THE INTERCHANGE OF DATA BETWEEN 
DIFFERENT MACHINES 


A simple test may now be formulated to 
which purchased data should be subjected 
before it is used on a unit other than that 
on which it was measured. The following 
steps should be followed: 

(a) The source-skin distance at which 
the curves were measured should, of course, 
be the same as that at which they are to be 
used. Ideally, the make and model of the 
units should also coincide, but this 1s not 
essential. 

(b) The width of the 80 per cent isodose 
line should be read off from each purchased 
isodose chart and plotted against the 
labelled field size. The London Hospital 
data chart was handled in this way in Fig- 
üre 2 

(c) The width of the 80 per cent isodose 
must be measured experimentally for at 
least 2 field sizes (say 5X 5 and 10X 10 cm.) 
on the unit with which the data are to be 
used. A custom-built isodose plotter 1s not 
necessary for this purpose; all that is re- 
quired is a series of measurements along 
the principal axis of the field with a Vic- 
toreen high energy chamber half em- 
bedded in a pressdwood phantom. By 
graphing the readings obtained in this way, 
a good estimate may be made of the width 
of the 80 per cent isodose line at the position 
of maximum build-up. 

Plots of nominal field size against width 
of the 80 per cent isodose for purchased and 
measured data will almost certainly yield a 
pair of parallel straight lines similar to 
those in Figure 2. A simple rule may be 
formulated to ensure that for a given dia- 
phragm setting, the correct purchased 1so- 
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dose chart may be selected; the rule will be 
similar to that described above for the Uni- 
versity of Colorado Medical Center unit. 

The above procedure is dependent on 2 
assumptions; firstly, that all units between 
which data are to be exchanged have the 
same penumbra; secondly, that plots of 
nominal field size versus width of 80 per cent 
‘sodose for different cobalt 60 units will 
yield a series of parallel straight lines. 
Isodose curves have been collected for a 
number of cobalt 60 teletherapy units, and 
will now be compared to evaluate the condi- 
tions under which the above assumptions 
are valid. 


COLLECTED DATA FOR COBALT 60 
TELETHERAPY UNITS 


Table r is a summary of the units for 
which isodose curves have been examined. 
Also included in the table for each unit 1s 
the width of the beam edge between the 
8o per cent and 10 per cent isodose line fora 
1oX1o cm. field; this quantity is evidently 
related to the penumbra. The size of the 
penumbra depends principally on 2 factors; 
the diameter of the source, and the ratio of 
the diaphragm-skin distance to the source- 
diaphragm distance. Penumbra does not 
vary with field size. In practice, the dia- 
phragm-skin distance is usually between 20 
and 30 cm.; the source diameter 1s virtually 
standardized at about 2 cm. It is not sur- 
prising therefore that, for a given source- 
skin distance, the penumbra and thus the 
width of the beam edge varv very little be- 
tween commercially made machines. In- 
deed comparing the Orbitron at 65 cm. 
source-skin distance, the Picker C 10,000 at 
do cm. source-skin distance, and the Eldo- 
rado at 100 cm. source-skin distance, the 
width of the beam edge between 10 per cent 
and 80 per cent isodoses differs by only 1.5 
mm. This is small compared with the difter- 
ences in field size which result from the dis- 
parity in conventions. In Figures 3, 4 and 5, 
the units investigated have been grouped 
according to source-skin distance. In each 
case, nominal field size is plotted against 
width of 8o per cent isodose for several field 
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sizes. In most cases, the data result in pairs 
or sets of parallel straight lines. This is not 
always the case; the Keleket Barnes ma- 
chine departs from the general pattern, and 
no doubt if a larger selection of equipment 
were surveyed, other disparities would be 
brought to light. The effect of differing field 
size conventions is also made clear by com- 
paring Figures 3, 4 and 5. At one extreme 
are the Orbitron and London Hospital C 
3,000 units, in which field size is defined as 
the width of the 80 per cent isodose line; at 
the opposite end of the scale are the Eldo- 
rado and Picker C 1,000 units, where a 
geometrical convention was adopted. The 
radiation field that would be described as 
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6X6 cm. by the users of the first 2 units 
would be identical to that designated 7.5 
X7.5 cm. by the user of the latter pair of 
units; a significant if not alarming discrep- 
ancy. However, the fact that most of the 
data in Figures 3, 4 and 4 are fitted by a 
series of parallel straight lines confirms that 
the procedure outlined above for adapting 
data measured on one unit for use on 
another has a wide application. 


SUMMARY 


A number of simple conclusions can be 
drawn from the data discussed above. 

I. It is evident that there is a consider- 
able disparity between field size conven- 





TABLE I 








Institution at Which 


estia dicla Width of Beam Edge 


between 80% and Reference 





Cobalt 60 Unit Isodose Curves Were Distance hls ; i 
10% Isodose Curves No. 
Measured (cm.) 
(10X10 cm. field) 
Picker C 3,000 London Hospital 80 10.0 mm. 4, 6 
Picker C 10,000 University of Colorado 80 10.0 mm. Present 
Medical Center Communication 
Not Commercially Saskatoon Cancer 80 7.5 mm. 3 
Available Clinic 
Eldorado A Johns Hopkins Hospital 100 15.0 mm. 13 
Eldorado A Radiology Department 100 11.5 mm. 2 
National Research 
Council, Ottawa 
Theratron 60 Atomic Energy of Canada 60 15.0 mm. I 
Keleket Barnes Radiology Department 60 27.5 mm. 7 
Bronx Municipal 
Hospital Center, 
New York 
Orbitron Radiotherapy Hospital, 65 II.O mm. IO 
Cardiff, U.K. 
Picker C 1,000 Temple University 50 16.0 mm. II, I2 
Hospital, Philadelphia (estimated) 
Theratron B Lankenau Hospital, 50 15.0 mm. 8 
Philadelphia 
Theratron Junior General Electric Co., 50 15.0 mm. 13 





Milwaukee 
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tions in general use. Fields of the same 
nominal size vary considerably between 
various institutions. 

2. It is unwise to use published isodose 
curves or exchange curves between units 
without checking, by experimental meas- 
urement, the actual size of the radiation 
field. This holds true even for the units of 
the same make and model. 

3. In practice a few simple measurements 
of field size may be made with a Victoreen 
chamber to obtain a relation between the 
field convention used on a given unit with 
that used for published isodose curves 
measured at the same source-skin distance. 
This is possible because most commercially 
available telecobalt 60 units, designed for 
the same treatment distance, have similar 
penumbras, and also it is found that for 
most units a plot of nominal field size versus 
80 per cent isodose width yields a straight 
line. 


Department of Radiotherapy 
Churchill Hospital 
Oxford, England 
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Fic. 3. Variation of nominal field size with width of 


the 80 per cent isodose measured at a depth of 0.5 
cm. in a unit density phantom. The open circles 
refer to the unit described by Fedoruk eż al.; the 
closed circles refer to data measured on an Eldo- 
rado A by Dixon eż al. while the crosses refer to 
the Eldorado A at the Johns Hopkins Hospital." 


Field Size for Telecobalt Units 211 


NOMINAL FIELD SIZE 





WIDTH OF 80% 


ISODOSE 


l'1G. 4. Variation of nominal field size with width of 
the 8o per cent isodose, measured at a depth of 0.5 
cm. in a unit density phantom. The closed circle; 
refer to an Orbitron unit!’ operated at 65 cm. 
source-skin distance, the crosses refer to a Keleket 
Barnes unit’ and the open circles to the new 
Theratron 60, both of the latter units having a 
source-skin distance of 60 cm. 
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Fic. $. Variation of nominal field size with width of 
the 8o per cent isodose, measured at a depth of 
O.6 cm. in a unit density phantom. The closed 
circles refer to a Picker C 1,000 unit; !!? the open 
circles to Theratron B,^ and the crosses to a 
Theratron Junior.? The first 2 machines were oper- 
ated at 50 cm. source-skin distance, the last at 35 
cm. source-skin distance. 
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CARCINOMA OF THE TONGUE IN 
IDENTICAL TWINS* 


By E. EUGENE COVINGTON, M.D.,f and ANTONIO A. BULLS, M.D.t 


BALTIMORE AND FORT HOWARD, MARYLAND 


"F UMORS in identical twins are rare. 

Carcinomas of the breast, cervix, tes- 
tis, rectum, colon, stomach, skin, lympho- 
mas, retinoblastomas, medulloblastomas, 
and several benign tumors (fibromas of the 
uterus, fibromas of the breast, hemangio- 
mas of the skin, thyroid adenomas and 
polypi) have been reported in the litera- 
ture. 

The following is the first case report of a 
carcinoma of the tongue in identical twins. 
Their hair, eves and skin were alike, they 
were of the same height and weight, and the 
blood grouping study showed that both had 
identical antigens. 


REPORT OF CASES 


Case 1. (Fig. 1-1). This Negro male, aged 46 
years, entered the hospital in September, 1963 
because of a large, infiltrating growth on the 
right posterior one-third of the tongue. The 
tumor extended to the right tonsil and the ad- 
jacent area of the pharynx. A large, fixed mass 
of lymph nodes was present in the superior 
carotid triangle of the right side of the neck. 
There was no evidence of general metastases. 
Biopsy showed squamous cell carcinoma of the 
right side of the tongue. The Tumor Board 
considered 1t inoperable and too extensive for a 
radium implant, thus palliative radiation (250 
kv.) therapy was used with a tumor dose of 
4,000 rads being given in 4 weeks. The pallia- 
tive irradiation reduced the primary tumor of 
the tongue and the neck lymph nodes to about 
one-third of the original size. 


Case rr. (Fig. 1-2). This patient, the twin 
brother of Case r, also entered the hospital in 
September, 1963. He had a small, nodular but 
ulcerated, growth on the left anterior one-third 
of the tongue. A small, freely movable lymph 
node was present in the omohyoid triangle on 





lic. 1. (1) Photograph of Case 1 and photomicro- 
graph (X 9o) of the squamous cell carcinoma. (2) 
Photograph of Case m and photomicrograph 
(X90) of the squamous cell carcinoma. 


the left side of the neck. There was no evidence 
of general metastases. Biopsy showed squamous 
cell carcinoma of the left side of the tongue. 
The Tumor Board decided that the treatment 
should consist of radiation therapy to the 
tongue and neck lymph nodes, followed by a 
radium implant for the primary tumor of the 
tongue and a neck dissection 4 to 6 weeks later, 
provided the primary tumor of the tongue was 
controlled by the irradiation. Roentgen therapy 
(250 kv.) with a tumor dose of 3,800 rads 
administered in 4 weeks, followed by 4,000 
rads (total dose of 7,800 rads) as a volume type 


* From the Departments of Surgery and Radiology of the VA Hospital, Fort Howard, Maryland. 
T Associate in Oncology, University of Maryland School of Medicine and Consultant Radiotherapist for the VA Hospital, Fort 


Howard, Maryland. 


t Resident in Surgery at the VA Hospital, Fort Howard, Maryland. 
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interstitial radium needle implant of the 
tongue has been given. A neck dissection is to 
follow. 

COMMENT 


The literature on tumors in identical 
twins consists primarily of case reports, 
with verv few studies having enough cases 
to be of statistical value. 

Recently, Harvald and Hauge,! of Den- 
mark studied 6,893 pairs of twins; 1,528 of 
these were identical or monozvgous (MZ) 
and cancer developed in 164 of them. Only 
one twin had cancer in 143 instances, both 
twins had cancer at the same site of origin 
in 8 instances, and both twins had cancer 
but at different sites of origin in 13 instan- 
ces resulting in a concordance rate (CR) of 
.13 (13 per cent) in MZ twins. In 48 of the 
340 DZ, (dizvgous similar sex) twins, the 
CR was .14 (14 per cent), and in 39 of the 
324 DZ, (dizygous dissimilar sex) twins, 
the CR was .12 (12 per cent). This study 
shows that (1) the concordance rate was 
about the same in monozygous and dizy- 
gous twins, (2) the concordance rate was 
also about the same in DZ, and DZ, twins, 
and (3) heredity has little or no influence in 
the development of cancer in twins. 

Macklin?? had arrived at different con- 
clusions. She added all previous cases re- 
ported in the literature to her 19 personal 
cases, making a total of 109 pairs of twins 
forstudv, oneor both of whom had a tumor. 
There were 63 pairs (58 per cent) of mono- 
zygous twins and 46 pairs (42 per cent) of 
dizvgous twins, thus tumors were noted 
1.37 times more frequently in the identical 
twins as compared to the fraternal twins. 
Both twins had a tumor, either similar or 
dissimilar, in 38 of the 63 (60.4 per cent) 
identical twins; and in 36 of the 38 (95 per 
cent) the site of origin of the tumor was 
similar. Macklin found the average differ- 
ence in the time of onset of the tumor to be 
only 7 months in monozygous twins and 24 
months in dizvgous twins. She also ob- 
served that the average time the well twin 
of a monozygous pair lived before develop- 
ing a tumor was 2.2 years, and the average 
time the well twin of a dizygous pair lived 


and Antonio A. Bulls Juiv, 1964 
before developing a tumor was 10.7 years. 
She believed that when one of a monozy- 
gous pair of twins develops a tumor the 
other twin will also develop a tumor if he 
lives long enough, and probably at the 
same site of origin. 


SUMMARY 

The first case report of carcinoma of the 
tongue in identical twins is recorded for 
the literature. 

This and other case reports, together 
with the excellent studies by Macklin,?? 
suggest that (1) tumors occur in twins with 
the same frequency as they occur in the 
average population, (2) tumors are slightly 
more frequent in identical than fraternal 
twins, (3) both twins of a monozygous pair 
will develop a tumor in about two-thirds 
of all cases when one twin is atfected with a 
tumor, (4) when both twins of a monozy- 
gous pair develop tumors, they will have a 
similar type of tumor, and usually at the 
same site of origin, in a high percentage of 
cases, (5) the average difference in the age 
at onset of a tumor is onlv 6—7 months in 
monozygous twins and approximately 24 
months in dizvgous twins, and (6) the well 
twin of a monozvgous twin with a tumor 
will usually develop a tumor if he lives long 
enough, and probably at the same site of 
origin. 

This case, and most other studies, indi- 
cate that heredity is a factor in (1) the 
development, (2) the similarity in the age 
at onset, and (3) the similarity in the site of 
origin of tumors in identical twins. 


E. Eugene Covington, M.D. 
828 Park Avenue 
Baltimore, Maryland 21201 
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A HUMAN PHANTOM: IMPROVED FOR 
TEACHING AND TESTING 


By PHILIP J. HODES, M.D., D.Sc. (Med),* and ANDREW J. RAMSAY, Pu.D.+ 


PHILADELPHIA, PENNSYLVANIA 


HANTOMS have long been used by 

radiologists as test objects. Except for 
the human phantom prepared by Harris e 
al.! in 1956, most have been made of wood, 
water or plastic. The purpose of this report 
is to call attention to properly prepared 
human cadavers which make excellent 
phantoms that can be used not alone for 
testing but for teaching fluoroscopy and 
roentgenography as well. 





Fic. 2. Lateral photograph of the phantom. 


Our phantom was prepared by the 
method described by Ramsay and Bates? in 
1948. A fresh cadaver of convenient size 
was selected which weighed approximately 

34 pounds and was 68 inches in height. 
The lungs were mildly inflated, the trachea 
occluded and the body thoroughly em- 
balmed. The arms, legs, and head were re- 
moved leaving the base of the neck, chest, 
abdomen and pelvis to be used as the 
phantom. The specimen was then spraved 
with plastic (G. E. Cocoon), creating a pro- 
: ) . tective coating able to withstand desicca- 
Itc. 1. Anterior photograph of the phantom. Note : ¥ . . . . 

the patches of plastic that have been applied to tion and mold. This pliable plastic SuSE 
torn portions of the plastic envelope in the region 15 sufficiently strong to permit handling 
of the neck and left hip. without damage for vears, is easily repaired 
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Fic. 3. Routine anteroposterior roentgenogram of 
the chest. After 7 years aerated lung is still visible. 


if accidentally injured, and 1s unusually well 
adapted to long term preservation and 
storage of anatomic specimens.’ The speci- 
men now in use in the Department of 
Radiology was prepared 7 years ago; 1t 1s 
still in excellent condition despite constant 
use. The appearance and texture are those 
of a human (Fig. 1 and 2). 

It is as heavy as the human body with its 
clearly discernible anatomic landmarks. 
Roentgenographically, it behaves as the 
human body. The exposure factors are the 
same; in every respect it mimics the living 
patient. 

The uses for such a phantom are innum- 
erable. Fluoroscopy, roentgenography, and 
spot roentgenography may now be taught 
to residents and student technicians and 
practiced without considering patient ex- 
posure to radiation. Protection against 
scattered radiation plus all over safety 
measures must be rigidly controlled to as- 
sure proper use of the phantom. Except for 
the latter, there are no limits to the useful- 
ness of this important clinical tool. 

Student technicians use the phantom for 
roentgenography of every part of the body 
except those portions that have been am- 
putated. It is particularly helpful for teach- 
ing roentgenographic techniques that apply 
to the chest, lumbar spine, abdomen and 
pelvis (Fig. 3 and 4). Residents find it 
especially helpful to perfect fluoroscopic 
and spot roentgenographic techniques 
which require manual dexterity. They no 
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F1G. 4. Supine roentgenogram of the abdomen. Note 
how “alive” all the tissues appear. There are no 
signs of dehydration as usually seen in cadavers. 


longer need learn the fundamental expo- 
sures in clinical practice. It is now possible 
for them to achieve a high level of profi- 
ciency in the laboratory. 


SUMMARY 


A phantom is described which has many 
uses. It is particularly of benefit in teach- 
ing roentgenographic techniques. 

Philip J. Hodes, M.D. 
Department of Radiology 
Jefferson Medical College Hospital 
11th and Walnut Street 
Philadelphia 7, Pennsylvania 

We are indebted to the R. M. Hollingshead 
Corporation, Camden, New Jersey, for the 
plastic coating (G. E. Cocoon). 
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IHE SIXTY-FIFTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


HE Sixty-fifth Annual Meeting of the 

American Roentgen Ray Society will 
be held at the Radisson Hotel, Minneap- 
olis, Minnesota, Tuesday, Wednesday, 
Thursday and Friday, September 29- 
October 2, 1964. It may come as a surprise 
to most of the present day members and 
guests of the American Roentgen Rav 
Society to learn that this will be the second 
time this Society has convened in Minne- 
apolis. The Twenty-first Annual Meeting 
took place in Minneapolis forty-four years 
ago under the leadership of the well known 
late Dr. James T. Case. 

Great changes have taken place in 
Radiologv and in Minneapolis during this 
almost half centurv since the 1920 conven- 
tion. The city of Minneapolis, which has 
long been noted for its beautiful lakes and 
parks and fine residential areas, is now in 
the midst of a large urban renewal project 
in the downtown area, making the citv an 
even more attractive convention center 
than it has been in the past. 

Except for the world renowned flour 
mills, little remains of the early settlement 
which began on the banks of the Mississippi 
river at the site of St. Anthony Falls a 
little more than a century ago. The changes 
in the downtown area will be of particular 
interest to those who are familiar with 
Minneapolis but have not visited here in 
recent vears. St. Paul, which is the older of 
the Twin Cities, and the home of the State 
Capitol, is likewise a very beautiful city 
with many new developments. The radi- 
ologists of both cities as well as of the entire 
State are honored to be the hosts for this 
meeting and will join with the friendly 
populace to make your visit to Minnesota 
memorable and enjovable. 

If you plan to attend this meeting, please 
make your reservations immediately with 


the Radisson Hotel, 45 South 7th Street, 
Minneapolis. Arrangements have been 
made with two of Minneapolis’ newest 
downtown hotels, The Northstar Inn and 
The Sheraton- Ritz, to accommodate those 
who are unable to get reservations at the 
Radisson. There are also a number of down- 
town motels for those who prefer motel 
accommodations. 

The Committee on Local Arrangements 
is headed by Dr. and Mrs. Cyrus Owen 
Hansen. They have been working and plan- 
ning diligently since last November to make 
this a pleasant, comfortable, entertaining 
and altogether successful meeting. Mrs. 
Hansen's committee has two co-chairwom- 
en, Mrs. Harold O. Peterson and Mrs. 
John P. Medelman, and the ladies have 
planned what promises to be four davs of 
unusual attractions for the women. In 
manv instances the men are also invited. 

On Mondav, September 28, an air- 
conditioned bus trip has been planned for 
the ladies and the men who are not plaving 
golf to visit the Mayo Clinic in Rochester, 
Minnesota. This vear the Mayo Clinic is 
having their centennial celebration and 
the Radiology Department, through its 
Chairman, Dr. C. Allen Good, has made 
arrangements for guided tours of this world 
famous medical center. A complimentary 
luncheon will be served in Rochester with 
the eighty mile return trip through the 
fertile rolling Minnesota farm lands in the 
afternoon. If at all possible make this 
reservation on Sunday afternoon, Sep- 
tember 27, or by mail. 

On Tuesday, September 29, there will be 
a city tour conducted by the Women's 
Association of the Minneapolis Symphony 
Orchestra. They have been conducting 
these tours for several vears and are verv 
knowledgeable about the Citv of Min- 
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neapolis, its early history, development 
and present day attractions. Luncheon will 
be served as part of the tour at the new and 


very attractive Edina Country Club in one. 


of the nice suburbs of Minneapolis. 

Wednesday noon there will be a luncheon 
for the ladies at the nearby Northstar Inn 
(one block from the Radisson) featuring a 
unique style show of antique hats covering 
the period of the last one hundred years. On 
Wednesday evening the men will again be 
invited to join the ladies in Theatre Night. 
Shakespeare's Henry V will be presented in 
the new fabulous Tyrone Guthrie Theatre. 
Reservations are limited for this major 
attraction. A dinner at the nearby Women's 
City Club will precede the theatre. 

On Thursday there will be a choice of 
either a visit to the Minneapolis Art Insti- 
tute or a bus tour through St. Paul on the 
way to luncheon at the Lowell Inn, located 
a few miles east of St. Paul in the beautiful 
St. Croix valley. The St. Croix River is a 
most scenic water wonderland and the food 
and table service of the Lowell Inn are 
widely acclaimed. These tours will return 
to the Hotel early in the afternoon to allow 
ample time for preparation for the Annual 
Banquet Thursday evening. 

No tours or other entertainment are 
planned for Friday. The Radisson Hotel, 
however, 1s located in the center of the 
downtown shopping area and in fact is 
directly connected to Daytons, which is the 
northwest's finest store, thus making shop- 
ping almost too comfortable and too con- 
venient. 

On Saturday, October 3, it will be pos- 
sible for individuals or groups to plan their 
own trips to the Mayo Clinic in case they 
are interested and were not able to go on 
Monday. Members of the Ladies Commit- 
tee will be happy to advise and assist in 
these arrangements. 

The women's Registration and Informa- 
tion Desk will be located on the mezzanine 
and wil be open Sunday afternoon, Sep- 
tember 27, from 2:00 P.M. to $:30 P.M. and 
daily thereafter from 8:00 A.M. to 5:00 
P.M., closing at 1:30 P.M. on Friday, Oc- 
tober 2. They will be most happy to assist 
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you in any way and equally happy to sell 
tickets for the various attractions. If at all 
possible please visit this desk on Sunday 
afternoon, September 27, in order to make 
reservations for the Mayo Clinic tour on 
Monday, September 28. 

The General Registration Desk for 
members, guests and exhibitors will be 
located on the mezzanine also and will be 
open from 2:00 P.M. to 5:00 P.M. Sunday, 
September 27, and 8:00 A.M. to 5:00 P.M. 
Monday through Thursday and 8:00 A.M. to 
1 :30 P.M. on Friday. Tickets for the Annual 
Banquet on Thursday evening will be 
available at this desk. 

Dr. Philip A. Olson, Minnesota's con- 
tribution to golf and Radiology, is Chair- 
man of the Golf Committee and has. made 
arrangements for the Annual Golf Tourna- 
ment to be played at the Hazeltine National 
Country Club. This is probably the finest 
and most exciting golf course in this area 
and, although the club house may not be 
entirely completed, the facilities will be 
adequate and the golf course will be ex- 
ceptional. The golf day, as usual, will be on 
Monday, September 28. Busses will leave 
the Hotel at 10:30 4.M. for the golfers and 
at 4:00 P.M. for those coming out to the 
dinner party. Following the dinner, the 
Willis F. Manges Trophy for the Eighteen 
Hole Net Score and the Exhibitors’ Trophy 
for the Eighteen Hole Gross Score as well 
as other prizes will be awarded. Color 
movies of last year's event in Montreal will 
be shown through the courtesy of the East- 
man Kodak Group. Busses will leave for 
downtown about 9:00 P.M. 

The Annual Meeting will be called to 
order by President Ralph M. Caulk at 8:30 
A.M. luesday, September 29 1n the Grand 
Ballroom I. The Address of Welcome will 
be given by Dr. John P. Medelman who is 
President of the Minnesota State Medical 
Association and in addition is completing 
his second term as Chairman of the Execu- 
tive Council of the American Roentgen Ray 
Society. Dr. Medelman will then assist Dr. 
Ralph Caulk in the installation of Dr. 
Harold O. Peterson as the new President of 
the Society. The Scientific Sessions will 
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follow immediately on conclusion of the 
Presidential Address. 

The Program Committee has selected 
forty-seven papers to be presented. A wide 
variety of topics will be discussed in the 
fields of radiation therapy, radiologic diag- 
nosis and nuclear medicine. As has been 
customary in recent years, some papers in 
each category will be scheduled every day. 
The preliminary program will be found 
elsewhere in this issue of the JOURNAL. 

The Instructional Courses which make 
up such an important part of the Annual 
Meeting will be under the direction of Dr. 
Donn G. Mosser. He has assembled an ex- 
cellent faculty which will include many of 
the outstanding teachers from former years 
as well as some new names and new topics. 
A detailed description of these courses as 
well as directions for registration will ap- 
pear in the August issue of the JOURNAL. 

The Committee on Scientific Exhibits 
under the chairmanship of Dr. J. Scott 
Dunbar of Montreal have had considerable 
success in obtaining a large number of 
exhibits covering a wide range of topics 
in all phases of Radiology. These exhibits 
represent untold numbers of hours of prepa- 
ration and contain a tremendous amount of 
valuable and practical information. For 
many who take the time to study these 
exhibits they may well be the highlight of 
the meeting. 

According to Dr. James C. Cook and Mr. 
Clifford L. Sherratt, all available space for 
the Technical Exhibits has been utilized. 
The Technical Exhibitors do an outstand- 
ing service for us each year and this 1s 
greatly appreciated by the members and 
guests of the Society. The Exhibits will be 
displayed in Grand Ballrooms II and III 
located on the mezzanine adjacent to the 
hall in which the Scientific Sessions are 
held. 

On Tuesday evening at 8:30 p.m. in the 
Grand Ballroom I, the Caldwell Lecture 
will be given by Dr. Richard Schatzki of 
Belmont, Massachusetts, on the very 
intriguing and difficult subject of "Esopha- 
gus: Progress and Problems." At the con- 
clusion of this lecture the Caldwell Medal 
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will be presented to Dr. Schatzki. 

On Wednesday at 1:30 P.M. there will be 
a Panel Discussion in the Grand Ballroom I 
on the subject “Some Problems Confront- 
ing The American Board of Radiology and 
The American College of Radiology." Dr. 
David S. Carroll, President of the American 
College of Radiology will serve as Moder- 
ator of a Panel consisting of: Stanley M. 
Wyman, M.D.; Robert W. McConnell, 
M.D.; Laurence L. Robbins, M.D.; and 
W. D. Buchanan, M.D. 

The Annual Banquet will take place in 
the Grand Ballroom I at 7:30 p.m. Thurs- 
day, October 1. A cocktail party will pre- 
cede the banquet beginning at 6:30 P.M. 
in the Flame Room on the Lobby Floor ot 
the Radisson Hotel. Tickets for the Ban- 
quet will be on sale at the Main Registra- 
tion Desk on the mezzanine and should be 
purchased as early in the week as possible. 
Dr. Cyrus O. Hansen and his committee 
have arranged for a delightful evening of 
music, entertainment and dancing. As is 
customary, the Scientific Exhibits Awards 
will be presented after the banquet and the 
new President-Elect will be introduced. 

Train and plane service to the Twin Cities 
is excellent from all parts of the U.S.A., 
Canada, South. and Central America, 
Europe and the Orient. Those who prefer a 
motor trip will find unusually good roads, 
especially from the east and fine accommo- 
dations all along the way. The beautiful 
fall coloring might be at its peak, especially 
on the return trip, to add to your driving 
pleasure. If you plan to be in New York for 
the Neuroradiological Symposium the week 


of September 21, remember it takes less 


than three hours by non-stop jet to Min- 
neapolis. 
A cordial invitation is extended to all 
radiologists and their families to visit 
Minnesota, the land of 10,000 lakes, and 
Minneapolis, the City of Lakes, for the 
Sixty-fifth Annual Meeting of the American 
Roentgen Ray Society. 
Harotp O. Pererson, M.D. 
President-Elect 

412 Union Street S.E. 

Minneapolis, Minnesota 55455 
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BREAST ROENTGENOGRAPHIC DIAGNOSIS 


ORE than r,000 women have had 

mammographic examinations at Co- 
lumbia Hospital for Women, Washington, 
D. C., since August 1, 1961. The confirmed 
accuracy of the diagnosis in our first 366 
patients has been reported.! The additional 
experience gained since then prompted a 
realistic re-evaluation of the preliminary 
enthusiastic report. 

The technical aspects of mammography 
have not yet been satisfactorily solved. We 
do know that precise technique is essential 
—requiring ultimate skill by the technician, 
as well as use of the best equipment and a 
special film. Interpretation requires acute 
awareness of the variations of the normal 
breast, along with familiarity with the 
several forms of inflammatory and neo- 
plastic changes which can occur. Under- 
standing these fundamentals, we have 
found that there are still many breast 
cancers, some of which are easily palpable 
and clinically evident, that cannot be diag- 
nosed by mammographic examination based 
on present criteria. À somewhat similar 
opinion is expressed by Witten,* who says 
"as experience accumulates—it is increas- 
ingly evident that the reliability of mam- 
mography, while good, is not as great as 
some would have us believe.” 

These words now mirror our thoughts, 
and it is with much soul-searching and 
humility that we now try to reorient our 
approach and seek an acceptable scientific 
and justifiable basis for this recently re- 
discovered procedure. 

We feel that unbridled enthusiasm should 
not exceed judicious and seasoned caution. 
Too great a reliance on a "negative report" 
in this field, as in all other branches of 
medicine, can only rebound to the discredit 
of a procedure which suffers many of the 
sources of error in the art, as well as the 
science, of medicine. 

Breast roentgenographic diagnosis, in 
essence, depends on gross pathologic change. 


1 Tuomas, M. A., and McDonatp, E. J. Mammography ex- 
perience with 366 cases at Columbia Hospital for Women. Med. 
Annals of D. C., 1963, 22, 9-11. 

* Wirren, D. M, Editorial. Radiology, 1963, 87, 134-137. 


If the pattern or the structure of the breast 
tissue Is not significantly altered, the cancer 
will not be apparent on the mammograms. 
Many common benign abnormalities can 
mimic cancer. Conversely, cancer can 
simulate the appearance of almost any 
benign process. At the beginning of our 
study, we were under the impression that 
certain deposits of calcium were, indeed, 
pathognomonicof carcinoma. Subsequently, 
we have found this identical calcification 
in patients who were proven to have be- 
nign fibrocystic disease. 

Despite the fact that many early cancers 
and some late cancers defy detection by 
mammography, there is no doubt that 
there are some nonpalpable carcinomas 
which are readily discovered by roentgeno- 
graphic examination. This occurs rather 
infrequently, but we have found 4 proven 
carcinomas that were not suspected by 
careful competent clinicians. There were, 
of course, many other patients with symp- 
toms and signs of an indecisive nature 
referable to the breast in whom mammo- 
graphic diagnosis of carcinoma was helpful 
in their management. Therefore, we feel 
that patients with signs or symptoms of 
breast disease may well benefit from breast 
roentgerography and their cases will not be 
mismanaged as long as the radiologist and 
her personal physician accept the inherent 
inaccuracies of the technique. 

Much has been written recently about 
mammography as a screening procedure to 
detect early and otherwise undetectable 
carcinomas. Ít was hopefully anticipated 
that the widespread routine roentgeno- 
graphic procedure of the breast as part of a 
general physical examination would do for 
this organ what the routine Papanicolaou 
smear test has done to aid in the diagnosis, 
if not control, of neoplasms of the uterine 
cervix. Such use is under study in a number 
of institutions. Early invasive carcinoma 
and carcinoma 17 situ of the cervix which 
form the bulk of lesions demonstrated by 
the Papanicolaou stain are often not evi- 
dent by direct observation and are cer- 
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tainly not demonstrable by roentgen-ray 
studies. Similarly, we cannot hope to detect 
premalignant or in situ lesions of the breast 
unless the normal tissue structure is altered 
to a degree demonstrable by roentgen rays 
which, in turn, depends on variants of 
density almost always evident on sectioning 
of the gross specimen by the pathologist. 

Institutions which have used mammog- 
raphy screening for asymptomatic women 
over 40 years of age give preliminary re- 
ports of a yield of about 2 cancers per 1,000 
examinations.’ Further investigations on 
larger series will undoubtedly prove useful 
in providing additional information. 

From a roentgenologic standpoint, mam- 
mography appears to be of greatest value in 
cases where clinical examination is equivocal 
or dificult. There are certain instances in 


3 Proc. Mammography Workshop. M, D. Anderson Hospital, 
Houston, Texas. 1963, May 14, 76. 
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which mammography may be of value on an 
emotional basis or possibly as a “psycho- 
therapeutic" approach and where the 
clinician wishes to defer biopsy. Similarly, 
it might aid the patient in a decision to 
elect surgery. 

We must continue to rely on careful 
physical examination as the primary 
method of detection and evaluation of 
breast disease. We hope, however, that 
mammography as presently practiced will 
form an important part of the complete 
breast examination. In a disease as frightful 
and fatal as breast carcinoma every avail- 
able avenue of early diagnosis must be 
explored and no possible solution, however 
remote, can be abandoned. 

EucEeNE J. McDonarp, M.D. 
Martin A. Tuomas, M.D. 


Columbia Hospital for Women 
Washington 7, D. C. 
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JOHN D. REEVES, JR. 
1924-1964 


T death of John Dudley Reeves, Jr. 
on Friday, March 6, 1964, following 
surgery for pulmonary embolization, ended 
the already distinguished career of a re- 
spected and dedicated young radiologist 
who was Chairman of the Department of 
Radiology of the University of Florida in 
Gainesville. For those of us who knew him 


and were privileged to work with him, his 
passing represents not only a deep personal 
loss, but also a loss to American medicine 
of an exceptional combination of physician, 
educator, scientist and student. 

Dr. Reeves was born in Fort Worth, 
Texas, on September 12, 1924. After two 
years of undergraduate work at the Uni- 
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versity of Texas, he entered the University 
of Arkansas School of Medicine in 1943, 
earning the degrees of Bachelor of Science 
(Med.) in 1946 and Doctor of Medicine in 
1947. His internship was at Scott and 
White Memorial Hospital, Temple, Texas. 
It was during this period that his interest 
in radiology developed, and soon after 
beginning a residency in obstetrics and 
gynecology at Memorial Hospital, Houston, 
he firmly decided on a career in radiology 
which he admirably pursued until his 
death. In January, 1949, he began a resi- 
dency in radiology at Massachusetts Gen- 
eral Hospital. Upon completing his training 
in 1951, he entered the United States Public 
Health Service and was assigned to the 
National Cancer Institute. Initially, he 
served as Instructor in Radiology at the 
Hospital of the University of Pennsylvania 
and later he received assignments at the 
Royal Cancer Hospital, London; the 
Christie Hospital and Holt Radium Insti- 
tute, Manchester; and the Radiumhemmet, 
Karolinska Sjukhuset, Stockholm. During 
the latter part of his Public Health Service, 
he was assigned as Radiologist to The 
Clinical Center, National Institutes of 
Health. Completing this service in 1955, he 
returned to Boston where he served as 
Associate Radiologist, Massachusetts Gen- 
eral Hospital; Consulting Radiologist, Mas- 
sachusetts Eye and Ear Infirmary; Instruc- 
tor in Radiology, Harvard Medical School; 
and Consulting Radiologist, McLean Hos- 
pital. In 1958 he became Chairman of the 
Department of Radiology, University of 
Florida School of Medicine, Gainesville, 
and held that position until his death. 

Dr. Reeves was honored with many posi- 
tions of leadership and responsibility by 
numerous medical societies, particularly 
the radiological societies to which he un- 
selfishly devoted his interest and ability. 
He was an active member of the American 
Roentgen Ray Society and was elected to 
its Executive Council in 1962. In the Ameri- 
can College of Radiology, he was active on 
numerous committees and commissions 
and served as Chairman, Committee on 
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Radiation Exposure to Women (1959); 
Chairman, Committee on Units, Stand- 
ards and Protection (1961); and Co-Chair- 
man, Committee on Radiologic Aspects of 
Disaster Planning (1962). In 1961 he was 
elected a Chancellor of the American Col- 
lege of Radiology. 

He was active similarly in the Radio- 
logical Society of North America and served 
on numerous committees. In 1960 he be- 
came Chairman of the Refresher Course 
Committee which he served capably and 
well. At the time of his death, he was 
Secretary of the Section on Radiology, 
Southern Medical Association and Chair- 
man of the Program Committee, Southern 
Radiological Conference. He was, in addi- 
tion, a member of the British Institute of 
Radiology, the American Radium Society, 
the Society of Nuclear Medicine, the 
Florida Nuclear Commission, Florida Medi- 
cal Association, and the American Medical 
Association. His interests were equally 
directed in the field of education as he ac- 
tively served on various committees in the 
College of Medicine and Teaching Hos- 
pital as well as the University of Florida, 
and was a member of the Senate of the 
University. 

The challenge and satisfying rewards of 
teaching and administration were only part 
of his many interests as he equally enjoyed 
clinical radiology, research and writing. 
His published works include ten articles 
and, at the time of his death, he was ac- 
tively engaged in the preparation of at 
least seven papers, manuals and textbooks. 

In recognition of his devotion to educa- 
tion, the friends and colleagues of Dr. 
Reeves have established the John D. Reeves 
Student Memorial Fund—University of 
Florida School of Medicine—as a sincere 
and lasting tribute. 

Surviving the death of Dr. John D. 
Reeves, Jr., are his two young children, 
John D. III and Barbara Jean of Idaho 
Falls, Idaho; a sister; and his beloved 
parents, Hazel and John D., Sr. of Houston, 
Texas. 

Epwarp B. Best, M.D. 
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PRELIMINARY PROGRAM 


SIXTY-FIFTH ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


The Sixty-fifth Annual Meeting of the 
American Roentgen Ray Society will be 
held at the Radisson Hotel, Minneapolis, 
Minnesota, Tuesday through Friday, Sep- 
tember 29 to October 2, 1964. 

The Executive Council will meet Sunday, 
September 27, 9:00 A.M. in the Duluth 
Room, Suite A. 

On Monday, September 28, the Annual 
Golf Tournament for Members and Guests 
—competing for the Willis F. Manges 
Trophy and the Exhibitors’ Trophy—will 
be held at the Hazeltine National Golf 
Club, Chaska, Minnesota, followed by the 


Annual Golf Dinner at 7:30 P.M. at the 


Club. 

The Scientific Sessions will be held in the 
morning from 8:30 A.M. to 12:30 P.M., 
Tuesday through Friday in the Grand Ball- 
room, Section I. The Caldwell Lecture will 
be delivered by Dr. Richard. Schatzki on 
Tuesday evening at 8:30 P.M. in the Grand 
Ballroom, Section I. 

The Instruction Courses will be held in 
the afternoon from 3:00 P.M. to 4:30 P.M., 
Tuesday, Wednesday and Thursday and 
from 1:30 P.M. to 3:00 P.M., Friday. The 
detailed plan of the Instruction Courses 
will be published in the August issue of the 
JOURNAL. 

The Scientific Exhibits will be set up in 
the Gold Room, LaSalle Suite and Radisson 
Suite. They will open daily at 8:00 A.M., 
and will close evenings at 8:00 p.m. Tues- 
day; 9:00 P.M. Wednesday; and 7:30 P.M. 
Thursday. 

The Technical Exhibits will be located 
in the Grand Ballroom, Section II and 
Section IIT, Foyer—Mezzanine Floor. They 
will open at 8:00 A.M. and will close at 5:00 
P.M., Tuesday through Thursday. 

Both the Scientific Exhibits and Techni- 
cal Exhibits will remain open Friday from 
8:00 A.M. until 1:00 P.M. ` 

The Annual Banquet will be held Thurs- 
day evening at 7:30 P.M. in the Grand Ball- 
room, Section I, preceded by a Cocktail 


Hour beginning at 6:30 P.M. in the Flame 
Room, First Floor. 

The Program Committee under the 
Chairmanship of President-Elect Harold O. 
Peterson has arranged the following pro- 
gram for the Scientific Sessions. 


Tuesday, September 29, 1964 
Grand Ballroom, Section I 

8:30 A.M. Call to Order, Sixty-fifth Annual 
Meeting: Ralph M. Caulk, M.D., Washing- 
ton, D. C., President. Address of Welcome: 
John P. Medelman, President of the Minne- 
sota State Medical Association. 

Installation of President-Elect, Harold O. 
Peterson, M.D., Minneapolis, Minnesota, by 
Ralph M. Caulk, M.D., President, Washing- 
ton, D.C., and John P. Medelman, M.D., 
White Bear Lake, Minnesota, Chairman of 
the Executive Council. 


Inaugural Address: President Harold O. Peter- 
son, M.D. 


9: IO A.M. 
Presiding: John P. Medelman, M.D. 
White Bear Lake, Minnesota 

1, Radiologic Manifestations of Hirsch- 
sprung’s Disease in Infancy. John W. Hope, 
M.D., Philadelphia, Pa., Patricia F. Borns, 
M.D. (by invitation), Philadelphia, Pa., 
and Paul K. Berg, M.D. (by invitation), 
Philadelphia, Pa. 

2. Diagnosis of Abdominal Masses in Chil- 
dren: Intravenous Urography vs. Inferior 
Vena Cavagraphy. Arthur S. Tucker, 
M.D., Cleveland, Ohio. 

3. The Ductus Bump: Mediastinal Mass of 
the Newborn. Walter E. Berdon, M.D. (by 
invitation), New York, N. Y., David H. 
Baker, M.D. (by invitation), New York, 
N. Y., and L. Stanley James, M.D. (by 
invitation), New York, N. Y. 

4. Roentgenologic Characteristics of Juvenile 
Fibroma. Colin B. Holman, M.D., Ro- 
chester, Minn., and Walter E. Miller, 
M.D. (by invitation), Rochester, Minn. 

g. Normal and Abnormal Interorbital Dis- 
tances, with Special Reference to Mongo- 
lism. Barry E. Gerald, M.D. (by invitation), 
Little Rock, Ark., and Frederic N. Silver- 
man, M.D., Cincinnati, Ohio. 


225 


226 


6. The Habenular Commissure As an Aid in 


the Diagnosis of Intracranial Lesions. 
Donald L. McRae, M.D., Montreal, Que., 


Canada. 


. The Dilated Callosal Sulcus Sign. Harold 


G. Jacobson, M.D., New York, N. Y., 


Preliminary Program 
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Wednesday, September 30, 1964 
Grand Ballroom, Section I 


8:30 A.M. 
' . Presiding: Harold O. Peterson, M.D. 


Minneapolis, Minn. 


erome H. Shapiro, M.D., Boston, Mass, 12 Diagnostic Errors in. Radiologic Practice: 
TR E. Zimmer, M.D. (by invitation), The Attitude of Complacency. Marcus IP 
New York, N. Y., and Mannie Schechter, Smith, M.D., Santa Fe, New Mexico. 
M.D. (by invitation), New York, N. Y. T3- Search Patterns of Radiologists: Wiliam J. 
8. Postoperative Lymphocysts. Gerald D. Tuddenham, M.D., Philadelphia, Pa. 
Dodd, M.D., Philadelphia, Pa., Roy F. 14 Radiologic and Allied Procedures from the 
Greening, M.D.; Philadelphia, Pa., Felix Point of View of Information Content and 
Rutledge M.D., (by invitation), Phila- Visual Perception. Hymer L. Friedell, 
delphia, Pa., Sidney Wallace, M.D. (by . M.D., Cleveland, Ohio, and Earle E. 
invitation), Philadelphia, Pa., and Laird Sd Ph.D. (by invitation), Cleveland, 
k M.D. (by invitati Ho 10. 
ete ee eee: PEN 15. Video Tape Recording of Tracheo-bron- 
biod . hial Dynamics. Fred J. Hodges, M.D. 
g. Radioiodinated Rose Bengal Liver Scan As b TOR > : 
an Aid in the Differential Diagnosis of Ann Arbor, Mich., Walter M. Whitehouse, 
Jaundice. William R. Eyler, M.D., Detroit, M.D., Ann Arbor, Mich., Arthur C. Kittle- 
Mich., Bernard M. Schuman, M.D. (by son, M.D. {by invitation),. Ann Arbor, 
invitation), Detroit, Mich., Lucille DuSault Mich, and Lawrence R.  Griewski, 
A.B. (by invitation), Detroit, Mich., and um (by invitation), Ann Arbor, 
Robert E. Hi M.D. (by invitati ich. 
Detroit, Mich. — VOCIBUS cS dne commi oela Miine Ela dh 


IO, 


II. 


“Suppressive” Chemotherapy in Broncho- 
genic Carcinoma. H. Horwitz, M.D. (by 
invitation), Cincinnati, Ohio, Thomas L. 


‘Wright, M.D. (by invitation), Cincinnati, 


Ohio, Harold Perry, M.D. (by invitation), 
Cincinnati, Ohio, and Charles M. Barrett, 
M.D., Cincinnati, Ohio. 

Experience with Hyperbaric Oxygen in 
Clinical Radiotherapy. Harold L. Atkins, 
M.D. (by invitation), Upton, N. Y., Wil- 
liam B. Seaman, M.D., New York, N. Y., 
Richard S. Matteo, M.D. (by invitation), 
New York, N. Y., and Harold W. Jacox, 
M.D., New York, N. Y. 


. Tuesday Evening, September 20, 1964 
Hight-thirty o'clock 
Grand Ballroom, Section I 
THE CALDWELL LECTURE 


Esophagus: Progress and Problems. 


By 
Richard Schatzki 


17. 


18. 


19. 


20. 


Sonograms of the Brain. J. Brylski, M.D. 
(by invitation), Atlanta, Ga., and .]. L. 
Izenstark, M.D. (by invitation), Atlanta, 


Thermography. J. Gershon-Cohen, M.D., 
D.Sc.(Med.), Philadelphia, Pa., and JoAnn 
D. Haberman, M.D. (by invitation), 
Philadelphia, Pa. 

Positive Brain Scan in Non-Space-Occupy- 
ig Lesions of the Brain. Y. Wang, M.D., 
D.Sc.(Med.) (by invitation), Pittsburgh, 
Pa., and J. A. Rosen, M.D. (by invitation), 
Pittsburgh, Pa. 

Correlation of Brain Scans and Angiog- 
raphy in Intracranial Trauma. Albert J. 
Gilson, M.D. (by invitation), Miami, Fla., 
and Fredie T. Gargano, M.D. (by invita- 
tion), Miami, Fla. 

Part I. Basic Science. Differential Localiza- 
tion of Isotopes in Tumors through the Use 
of Intra-Arterial Hydrogen Peroxide. J. W. 
Finney, M.A. (by invitation), Dallas, 
Texas, and J. Wakley, B.S. (by invitation),. 
Dallas, Texas. 

Part II. Clinical Evaluation. Differential 


Chief, Department of Radiology, Mount 
Auburn Hospital, Cambridge, Mass; Clinical 
Associate in Radiology, Harvard Medical 
School, Boston, Mass. 


Localization of Isotopes in Tumors through 
the Use of Intra-Arterial Hydrogen Perox- 
ide. R. E. Collier, M.D. (by invitation), 
Dallas Texas, G. A. Balla, M.D. (by in- 
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vitation), Dallas, Texas, J. W. Finney, 
M.A. (by invitation), Dallas, Texas; A. 
D’Errico, M.D. (by invitation), Dallas, 
Texas, J. W. Tomme, M.D. (by invitation), 
Dallas, Texas, J. E.. Miller, M. D., Dallas, 
Texas, and J. T. Mallams, M.D., Dallas, 
Texas. 

21. Clinical Applications of Liquid Scintilla- 
tion Counting. James Kereiakes, M.D. (by 
invitation), Cincinnati, Ohio, Harry 
Horwitz, M.D. (by invitation), Cincinnati, 
Ohio, George Meckstroth (by. invitation), 
Cincinnati, Ohio, James Passino, M.D. (by 
invitation), Cincinnati, Ohio, and Eugene 
L. Saenger, M.D., Cincinnati, Ohio. 

22. Hodgkin's Disease: 
Study. J. F. Fayos, M.D. (by invitation), 
Ann Arbor, Mich., R. C. Hendrix, M.D. 
(by invitation), Ann Arbor, Mich., V. 
MacDonald, M.D. (byinvitation), Spokane, 
Wash., and I. Lampe, M.D., Ann Arbor, 

. Mich. 


Wednesday, September 30, 1904 
Grand Ballroom, Section I 

1.30 P.M. — 

Presiding: Harold O. Peterson. M.D. 
Minneapolis, Minn. 

Panel: Some Problems Confronting the Ameri- 
can College of Radiology and the American 
Board of Radiology 

Moderator: David S. Carroll, M.D., Memphis, 


Tenn. 


Panelists: Stanley M. Wyman, M.D., Cam- 


bridge, Mass. 
Robert W. McConnell, M.D., Davenport, 
lowa. 
Laurence L. Robbins, M.D., Boston, Mass. 
Wallace D. Buchanan, M.D., South Bend, 


Indiana. 


Thursday, uds I, 1964 
Grand Ballroom, Section I 


0:30 A.M. 


Presiding: Donald L. McRae, M.D. 
Montreal, Que., Canada 


'23. The Laryngo-Pharyngogram As a Diag- 
nostic Aid. Gerald A. Gildersleeve, M.D. 
(by invitation), Richmond, Va., Peter N. 
Pastore, M.D. (by invitation), Richmond, 
Va., and Mark May, M.D. (by invitation), 
Richmond, Va. 

24. The Evaluation of Pharyngeal Neuro- 


A Clinicopathologic 


Preliminary Program 


25. 


26. 


27. 
` of the Underlying Lung. Julian H. Capps, 


28. 


29. 


au 
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muscular Disorders by Cinefluorography. 
Martin W. Donner, M.D. (by invitation), 
Baltimore, Md., and Charlels I. Siegel, 
M.D. (by invitation), Baltimore, Md. 
Experimental Approaches to Pulmonary 
Emphysema in Roentgenology. B. J. 
O'Loughlin, M.D., Los Angeles, Calif., and 
John Horns, M. D., (by invitation), Los 
Angeles, Calif. 

Pulmonary Arteriovenoüs Shanis in Em- 
physema Demonstrated by Wedge Arteri- 
ography. George Jacobson, M.D., Los 
Angeles, Calif., A. Franklin Turner, M.D. 
(by invitation), Los Angeles, Calif., Oscar 
J. Balchum, M.D. (by invitation), Los 
Angeles, Calif., and Crawford Judge, M.D. 
(by invitation), Los Angeles, Calif. 
Tension Pneumothorax without Collapse 


M.D. (by invitation), New Haven, Conn., 
Harold Stern, M.D. (by invitation), New 
Haven, Conn., and Richard H. Greenspan, 
M.D. (by invitation), New Haven, Conn. 
The Radiologic Sign in Gastric Atrophy. 
James F. Martin, M.D., Winston-Salem, 
North Carolina, Thomas F. O’Brien, Jr., 
M.D. (by invitation), Winston-Salem, 
North Carolina, Ivan L. Holleman, Jr., 
M.D. (by invitation), Winston-Salem, 
North Carolina, George H. Hall, M.D. (by 
invitation), Winston-Salem, North Caro- 
lina, and Jorge L. Duque, M.D. (by in- 
vitation), Winston-Salem, North Carolina. 
Roentgen Signs of Intestinal Necrosis. Leo 
G. Rigler, M.D., Los Angeles, Calif., and 
Wiliam L. Pogue, M.D. (by invitation), 
Los Angeles, Calif. 


. The Roentgen Findings in Intramural 


Hemorrhage Involving the Gastro-Intesti- 
nal Tract. Monsho T. Khilnani, M.D. (by 
invitation), New York, N. Y., Richard H. 
Marshak, M.D., New York, N. Y., Joan 
Eliasoph, M.D. (by invitation), Stamford, 
Conn., and Bernard S. Wolf, M.D., New 
York, N. Y. 

The Relative Accuracy of Estimation of 
Enlargement of the Liver and Spleen by 
Radiographic and Clinical Methods. Paul 
A. Riemenschneider, M.D., Syracuse, N.Y., 
and Joseph P. Whalen, M.D. (by invita- 


' tion), Syracuse, N. Y. 
32, 


The Therapy of Unbiopsied Brain Tumors. 
Glenn E. Sheline, M.D., San Francisco, 
Calif., Edwin Boldrey, M.D. (by invita- 
tion), San Francisco, Calif., and Theodore 


2.28 Preliminary Program Jury, 1964 


L. Philips, M.D. (by .invitation), San 
Francisco, Calif. 

33. The Effect of Irradiation on the Intact 
Supravitally Stained Mammalian Cell. 
Paul W. Scanlon, M.D., Rochester, Minn. 

34. Can Cancer Really Be Cured with Irradia- 
tion Therapy? Charles L. Martin, M.D., 
Dallas, Texas, James A. Martin, M.D. (by 
invitation), Dallas, Texas, and Robert A. 
Wilson, M.D. (by invitation), Dallas, 
Texas. 

Friday, October 2, 1964 
| Grand Ballroom, Section I 
8:30 A.M. 


Presiding: Jarrell E. Miller, M.D. 
Dallas, Texas 


35. The Significance of the Radiographic Pres- 
ence of Coronary Calcification—A Coro- 
nary Injection Study—Over Two Hundred 
Autopsied Hearts. Joseph Jorgens, M.D., 
Ph.D. (by invitation), Minneapolis, Minn., 
Sheldon Damberg, M.D. (by. invitation), 
Minneapolis, Minn., William Boardman, 
M.D. (by invitation), Minneapolis, Minn., 
and. William Kinney, M.D. (by invitation), 
Minneapolis, Minn. 

36. The Roentgenographic peace of Anom- 
alous Origin of the Coronary Arteries. 
Charles Lundquist, M.D. (by invitation), 
Minneapolis, Minn., and Kurt Amplatz, 
M.D. (by invitation), Minneapolis, Minn. 

37. Anomalous Systemic Venous Connection to 
the Left Atrium or to a Pulmonary Vein. 
Hooshang Taybi, M.D., M.S. (by invita- 
tion), -Indianapolis, Indiana, Gerald J. 
Kurlander, M.D. (by invitation), Indian- 
apolis, Indiana, Paul R. Lurie, M.D. (by 
invitation), Indianapolis, Indiana, and 
John A. Campbell, M.D., Indianapolis, 
Indiana. 

38. Congenital Absence of the Left Pericar- 
dium. Burton S. Tabakin, M.D. (by in- 
vitation), Burlington, Vt., John S. Hanson, 
M.D. (by invitation), Burlington, Vt., 
John P. Tampas, M.D. (by invitation), 

. Burlington, Vt, and Edgar J. Caldwell, 
M.D. (by invitation), Burlington, Vt. 
39. Roentgenographic Manifestations of Endo- 


40. 


41. 


42. 


43- 


45. 


46. 


47. 


cardial Fibroelastosis. I. S. Johnsrude, 
M.D. (by invitation), Minneapolis, Minn., 
and Lewis S. Carey (by invitation), St. 
Paul, Minn. 

Pathologic Studies Following Magnetic 
Control of Metallic Iron Particles in the 
Lymphatic and Vascular System of Dogs 
As a Contrast and Isotopic Agent. Phillip 
H. Meyers, M.D. (by invitation), New 
Orleans, La., Charles M. Nice, Jr., M.D., 
Ph.D. New Orleans, La., and Herbert 
Ichinose, M.D. (by invitation), New 
Orleans, La. 

Pro-coagulant Effects of Intravascularly 
Administered Contrast Media. Lawrence R. 
James, M.D. (by invitation), Omaha, 
Nebr., John J. Matoole, M.D. (by invita- 
tion), Omaha, Nebr., Paul Hodgson, M.D. 
(by invitation), Omaha, Nebr., and Herbert 
L. Davis, Ph.D. (by invitation), Omaha, 
Nebr. 

Guided Angiography. Manuel Viamonte, 
Jr., M.D. (by invitation), Miami, Florida, 
and Robert C. Stevens, R.C. (by invita- 
tion), Miami, Florida. 

Study of the Peripheral Arterial System, 
Using Television Monitoring and Cine 
Filming. G. Bernard Skinner, M.D. (by 
invitation), Montreal, Que., Canada. 


. Selective Renal Arteriography in Medical 


Diseases of the Kidney. R. S. Foster, M.D. 
(by invitation), Atlanta, Ga., W. H. Shu- 
ford, M.D. (by invitation), Atlanta, Ga., 
E. P. Tuttle, M.D. (by invitation), Atlanta, 
Ga., and H. S. Weens, M.D., Atlanta, Ga. 
Angiographic Differentiation of Pyelo- 
nephritis and Glomerulonephritis. Marvin 
J. Friedenberg, M.D. (by invitation), St. 
Louis, Mo., and Saul Eisen, M.D. (by in- 
vitation), St. Louis, Mo. 

Celiac and Mesenteric Angiography with 
Emphasis on Abdominal Angina. William 
Molnar, M.D., Columbus, Ohio, and J. 
David Dunbar, M.D. (by invitation), 
Columbus, Ohio. 

Arteriography in Orthopedic Disease. 
Mordecai Halpern, M.D. (by invitation), 
New York, N. Y., and Robert H. Frei- 
berger, M.D., New York, N. Y. 
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NATIONAL COMMITTEE ON RADIATION 
PROTECTION AND MEASUREMENTS (NCRP) 


INTERIM STATEMENT RELATIVE TO MIN- 
IMUM FILTRATION RECOMMENDATIONS 
IN LOW KILOVOLTAGE RADIOGRAPHY 


The National Committee on Radiation 
Protection and Measurements has recently 
become cognizant of problems inherent in 
attempts to apply existingrecommendations 
of the NCRP to low kilovoltage techniques 
advocated for some special procedures in 
soft tissue radiography. Therefore, Sub- 
committee 3 on X-Rays Up to Three Mil- 
lion Volts was aked to consider this prob- 
lem. 'The Subcommittee has formulated an 
Interim Statement on Minimum Filtration 
Recommendations in Low  Kilovoltage 
Radiography. This statement has been re- 
viewed by the Main Committee on the 
NCRP and approved for publication. 


The following is the Interim Statement: 

Since the publication of NCRP Report 
26, “Medical X-Ray Protection Up to 
Three Million Volts," NBS Handbook 76, 
February 1961, low kilovoltage techniques 
have been widely advocated for some spe- 
cial procedures in soft tissue radiography, 
such as mammography. While the NCRP 


recognizes that such techniques in medical 
practice are not firmly established, it seems 
desirable at this time to provide guidance 
concerniag minimum filtration recommen- 
dations for low kilovoltage radiography. It 
is anticipated that specificrecommendations 
for low kilovoltage techniques will be in- 
cluded in the projected revision of the 
Handbook. In the meantime, the following 
provisional recommendation is made to 
replace paragraph 7.1.c of Handbook 76: 


7.1.c “(1) For voltages greater than 50 kvp., 
the tctal filtration permanently in the 
useful beam shall be not less than 2.5 
mm. of aluminum equivalent. This re- 
quirement may be assumed to have been 
met if the hvl. is not less than 2.5 mm. 
aluminum at normal operating voltages. 


(2) For voltages up to 5o kvp., the total 
filtration in the useful beam shall not be 
less than 0.5 mm. of aluminum equiva- 
lent. This requirement may be assumed 
to have been met if a conventional diag- 
nostic tube is employed. If a beryllium 
window tube is employed, appropriate 
added filter will be required." 
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NEWS 


EIGHTH INTERAMERICAN CONGRESS 
OF RADIOLOGY 

As previously announced (February, 
1964 issue of the JourNAL, p. 466) the 
Eighth Interamerican Congress of Radiol- 
ogy will be held at the luxurious Macuto 
Sheraton Hotel, Caracas, Venezuela, Oc- 
tober 2-9, 1964. 

The President of the Eighth Congress is 
Dr. César Herrera Pinto of Caracas, 
Venezuela, who, in the name of the Execu- 
tive Committee, extends a cordial invita- 
tion to all Radiologists, Physicists and 
Scientists with interest in Radiology to 
attend. “Our aim is,” says President César 
Herrera Pinto, “to bring together the pro- 
fessionals of Radiology close in minds and 
heart and unite them under fraternal under- 
standing, thus strengthening the ties that 
have always existed among our “ellow 
physicians of the entire Continent." 

The Presidents of the former Congresses, 
and the places of theprevious meetings were: 
Dr. F. Merlo-Gomez, Buenos Aires, Ar- 
gentina; Dr. Pedro L. Farifias, La Habana, 
Cuba; Dr. Felix J. Daza B., Santiago, 
Chile; Dr. Manuel F. Madrazo, Ciudad 
México, México; Dr. James T. Case, Wash- 
ington, D. C., U.S.A.; Dr. Oscar Soto, 
Lima, Perú; and Dr. J. M. Cabello Campos, 
São Paulo, Brazil. 

The Commissions of Diagnostic Radiol- 
ogy, Radiotherapy and Nuclear Medicine 
have prepared an outstanding Scientific 
Program, consisting of Symposia, Round 
Table Discussions, Papers on individual 
topics and Refresher Courses. The cfficial 
languages of the Congress are Spanish, 
English and Portuguese. 

The Program of Social Activities ar- 
ranged by the Commissions of Social 
Affairs and The Ladies’ Committee is like- 
wise most attractive. Nestled between the 
brilliant blue of the Caribbean and the 
luxuriant tropical foliage of the cloud- 
topped Andes mountains, Caracas, the 
cosmopolitan Capital of Venezuela, is a 
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beautiful vacation place and its climate at 
this time of the year is ideal for full enjoy- 
ment of moments of pleasure and recrea- 
tion. 

The registration will start on Friday, 
October 2, 1964 at the Macuto Sheraton 
Hotel, which is the day of closure of the 
meeting of the American Roentgen Ray 
Society in Minneapolis, Minnesota. The 
Macuto Sheraton Hotel is 4 hours away 
from New York and 24 hours away from 
Miami by jet travel. The Congress is aided 
locally by the Travel Agency Exprinter 
S.A., which is responsible for the coordina- 
tion of the hotel reservations, transporta- 
tion from and to the airport and excursions. 

For further information please contact 
Dr. Rubén Merenfeld, Secretary-General 
of the Eighth Interamerican Congress of 
Radiology, P.O. Box 9362, Caracas, Vene- 


zuela. 


EUROPEAN ASSOCIATION OF RADIOLOGY 


The European Association of Radiology 
is organizing a Symposium on High-Energy 
Electrons (Physical, Biologic and Thera- 
peutic Aspects) to be held in Montreux, 
Switzerland, September 7—10, 1964. 

The Honorary President is Prof. Dr. Phil. 
B. Rajewsky, Frankfort, Germany, the 
President, Prof. Dr.Med. A. Zuppinger, 
Bern, Switzerland, and the Secretary, Dr. 
G. Poretti, Róntgeninstitut, Inselspital, 
Bern, Switzerland. 

Physical, biologic and clinical-thera- 
peutic problems will be discussed. A re- 
viewer will deal with each subject; there- 
upon several other speakers will follow. A 
general discussion will also take place. 

Please address all inquiries to the Vice- 
President of the Symposium, Doc. Dr. 
P. L. Cova, Casa di Cura S. Ambrogio, Via 
Faravalli 16, Milan, Italy. 


ROCKY MOUNTAIN RADIOLOGICAL 
SOCIETY 


The Twenty-sixth Midsummer Radio- 
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logical Conference of the Rocky Mountain 
Radiological Society will be held at the 
Brown-Palace Hotel in Denver, Colorado, 
Thursday, August 20 through Saturday, 
August 22, 1964. 

Guest Speakers will be: 

Diagnostic Radiology: John A. Campbell, 
M.D., Professor and Chairman of Radiol. 
ogy, Indiana University School of Medi- 
line, Indianapolis, Ind., and Philip J. 
Hodes, M.D., Professor and Chairman of 
Radiology, Jefferson Medical College, Phil- 
adelphia, Pa. 

Isotope Scanning: Henry N. Wagner, 
M.D., Johns Hopkins University School of 
Medicine, Baltimore, Md. 

Therapeutic Radiology: Paul Scanlon, 
M.D., Mayo Clinic, Rochester, Minn. 

Refresher Courses (sponsored by the 
Radiological Society of North America): C. 
Allen Good, M.D., Mayo Clinic, Rochester, 
Minn. 

Mammography: Robert Egan, M.D., 
Indianaopolis, Ind. 

The usual social meeting includes dinner 
at the famous Teller House and a play in 
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the historic Central City Opera House at 
Central City, Colorado, Saturday evening, 
August 22, 1964. 

For further information please write to: 
Dr. John S. Bouslog, M.D., 6210 East 17th 


Avenue, Denver, Colorado 80220. 


POSTGRADUATE COURSE IN PEDIATRIC 
RADIOLOGY 

The Department of Radiology of Emory 
University School of Medicine will conduct 
a postgraduate course, Pediatric Radiology, 
on October 9-10, 1964. This course will be 
held at Grady Memorial Hospital, Atlanta, 
Georgia. 

The guest faculty will be Dr. Roy Astley, 
The Children’s Hospital, Birmingham, 
England; Dr. Edward B. D. Neuhauser, 
The Children’s Hospital Medical Center, 
Boston, Massachusetts; and Dr. Frederic 
N. Silverman, The Children’s Hospital, 
Cincinnati, Ohio. 

For further information, please contact 
H. S. Weens, M.D., Department of Radiol- 
ogy, Emory University School of Medicine, 
Atlanta, Georgia 30322. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review 1n the interest of our readers as space permits. 


ELSEVIERS Mapicar DICTIONARY: iN FIVE 
LANGUAGES, ENGLISH-AMERICAN, FRENCH, 
ITALIAN, SPANISH AND GERMAN. Compiled 
by A. Sliosberg, Consulting Physician of the 
Institution Nationale des Invalides, Paris, 
France. Cloth. Pp. 1588. Price, $45.00. Ameri- 
can Elsevier Publishing Company, Inc., 52 
Vanderbilt Avenue, New York 17, N. Y., 
1963. 

This quinlingual Medical Dictionary is the 
latest in the Elsevier series of multilingual 
dictionaries relating to special fields of science, 
industry and medicine. As stated in the Pub- 
lisher’s note, they are being edited under au- 
thoritative auspices and are able to draw upon 
the rich and extensive sources of knowledge 
with which the publishers are in touch, both in 
Europe and America, as well as on their wide 
experience with the most complicated forms of 
documentation. 

The present Dictionary, which consists of 2 
parts, was compiled by Dr. A. Sliosberg, Con- 
sulting Physician of the Institution Nationale 
des Invalides, Paris, France, who is Fellow of 
the Société des Gens de Lettres and Laureate of 
the French Academy of Medicine. His wide 
experience in the field of medical practice and 
intimate knowledge of the international medi- 
cal literature qualify him pre-eminently for the 
undertaking of such a formidable task. 

In the first part, the corresponding words are 
arranged by number—horizontally in the ; 
languages—the base being the English-Ameri- 
can, followed by the French, Italian, Spanish 
and German languages in that order. The dis- 
tinction of English-American is made to give 
expression to the fact that in the spelling of 
words, particularly those of Greek or Latin 
etymology, the American rather than the Brit- 
ish custom is followed. Altogether 18,341 items 
listed alphabetically are compiled, which, with 
the included synonyms, account for some 35,000 
terms taken from all branches of medicine. 

The second part comprises the Indices of the 
equivalent words in the other languages, each 
referring to the numbered entries in the first 
part. Because of the large number of synonyms 


in the English-American language, a separate 
alphabetical list of these synonyms was added, 
constituting the fi-st section. The second section 
contains the German words, the third section 
the Spanish words, the fourth section the 
French words, and the fifth section the Italian 
words, all with their respective referral numbers 
to the base English-American words alpha- 
betically listed. 

Elsevier’s quinlingual Medical Dictionary, 
embracing the modern medical terminology, is a 
monumental work. The quality of its printing, 
the thumb-indexing of the respective sections of 
the second part, the flexible binding and the 
appropriate size combine to make it an ex- 
tremely valuable reference book, The reviewer 
takes pleasure in recommending it without 
hesitation. 


T. LevcumiA, M.D. 


BOOKS RECEIVED 


RapioLocgv or Bone AND Joint TuBERCULOSIS: 
WITH SPECIAL REFERENCE TO TropicaL Coun- 
TRIES. By Prafulla Kumar Ganguli, M.B., 
D.M.R.D., D.M.R.T., Consultant Radiologist, 
Pontypridd & Rhondda Hospital Management 
Committee and Merthyr & Aberdare Hospital 
Management Committee, Welsh Hospital Board; 
Late Consultant Radiologist, Burnley & Dis- 
trict Group of Hospitals, Manchester Regional 
Hospital Board; Late Professor of Radiology, 
School of Post Graduate Medicine & Research, 
Ahmedabad, India. Cloth. Pp. 180, with 98 illus- 
trations. Price, $8.00. Asia Publishing House, New 
York. In U.S.A., Taplinger Publishing Co., Inc., 
119 West 57th Street, New York 19, N. Y., 1964. 

TRANSVERSE ÁxiAL TowocnapnHy. By R. F. Farr, 
M.A., F.InstP., Chief Physicist, The Queen 
Elizabeth Hospital, Birmingham; lately Physicist, 
Christie Hosp:tal, Manchester; A. C. H. Scott, 
M.S.R., Superintendent Radiographer, Christie 
Hospital, Manchester; R. Ollerenshaw, E.R.D., 
T.D., M.A., B.M., D.M.R.D., F.LB.P., Director, 
Departments of Medical Illustration, Christie 
Hospital, Manchester, and United Manchester 
Hospital; Hororary Surgeon to Her Majesty the 
Queen; and G. J. H. Everard, M.B., Ch.B., 
B.M.R.D., Consultant Radiologist, Oldchurch and 
Warley Hospitals, Romford; lately Senior Regis- 
trar, Christie Hospital, Manchester, Cloth. Pp. 88, 
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with 72 illustrations. Price, $8.50. F. A. Davis 
Company, 1914 Cherry Street, Philadelphia, Pa., 
1964. 

Rapration Mepicine. International Series of Mono- 
graphs on Nuclear Energy, Division III. Biology. 
Volume 1. Edited by A. I. Burnazyan, and A. V. 
Lebedinskii. Translated by Harry Asher, B.A., 
Department of Physiology, University of Bir- 
mingham. Cloth. Pp. 363, with some figures. Price, 
$12.00. A Pergamon Press Book, distributed by 
The Macmillan Company, 60 Fifth Avenue, New 
York 11, N. Y., 1964. 

ARTERIAL SURGERY. Proceedings of a Conference 
held at Law Hospital, Carluke, Scotland, January, 
1963. Edited by W. A. Mackey, J. A. MacFarlane, 
and M. S. Christian. Cloth. Pp. 170, with many 
figures. Price, $7.00. A Pergamon Press Book, dis- 
tributed by The Macmillan Company, 60 Fifth 
Avenue, New York 11, N. Y., 1964. 

SPECIAL PRocEDURES IN RoENTGEN Dracnosis. By 
Samuel L. Beranbaum, B.A., M.D., F.A.C.R., 
Clinical Professor of Radiology, New York Uni- 
versity; Director of Radiology, St. Barnabas 
Hospital for Chronic Disease; Attending Radi- 
ologist, University Hospital, New York Univer- 
sity Medical Center, New York, N. Y.; and Phillip 
H. Meyers, B.A., B.S., M.D., Assistant Professor 
of Radiology, Tulane University School of Medi- 
cine; Visiting Radiologist, Charity Hospital; 
Consultant Radiologist, St. Barnabas Hospital 
for Chronic Diseases, New York, N. Y. Cloth. Pp. 
598. Price, $21.75. Charles C Thomas, Publisher, 
301—327 East Lawrence Avenue, Springfield, Ill., 
1964. 

ANNUAL Review or Mepicine. Volume 15. Editor, 
Arthur C. DeGraff, New York University College 
of Medicine; Associate Editor, William P. Creger, 
Stanford University School of Medicine. Cloth. 
Pp. 476, with some figures. Price, $8.50. Annual 
Reviews, Inc, 231 Grant Avenue, Palo Alto, 
Calif., 1964. 

AIDS TO ETHICS AND PROFESSIONAL CONDUCT FOR 
SrupENT RaDroLocic TEcuNoLocisTrs. By James 
Ohnysty, R.T. (A.R.R.T.), C.S.R.T., M.R.S.H,, 
Department of Radiology, Saint Francis Hospital, 
Colorado Springs, Colorado. Cloth. Pp. 129. Price, 
$3.75. Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ill., 1964. 

TREATMENT OF CaNCER AND ALLIED DISEASES: 
LyMPHOMAS AND RELATED Diseases. Volume IX. 
Second edition. Edited by George T. Pack, M.D., 
F.A.C.S., and Irving M. Ariel, M.D., F.A.C.S. 
Cloth. Pp. 395, with 261 illustrations. Price, 
$18.50. Hoeber Medical Division, Harper & Row, 
Publishers, 49 East 33rd Street, New York 16, 
N. Y., 1964. 

AN ArLas oF OrtHopepic Diseases. (ATLAS 
ORTHOPADISCHER ERKRANKUNGEN). Edited by 
Otto Russe. In German and English. Cloth. Pp. 
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452, with 1,815 illustrations. Price, $46.00, Year 
Book Medica] Publishers, 35 E. Wacker Drive, 
Chicago 1, Ill., 1964. 

THE SMALL INTESTINE: Its FUNCTION AND DISEASES. 
By Thomas W. Sheehy, M.D., F.A.C.P., Assistant 
Chief, Department of Gastroenterology, Walter 
Reed Army Institute of Research, Washington, 
D. C.; Associate Professor, Department of Medi- 
cine, University of Puerto Rico School of Medi- 
cine; and Formerly, Chief, Division of Medicine, 
U. S. Army Tropical Research Medical Labora- 
tory, San Juan; and Martin H. Floch, M.S., 
M.D., Assistant Attending Physician, Montefiore 
Hospital, The Bronx, N. Y.; Formerly, Chief, Gas- 
troenterology Section, U. S. Army Tropical Re- 
search Medical Laboratory; and Instructor, De- 
partment of Medicine, University of Puerto Rico 
School of Medicine, San Juan. Cloth. Pp. 479, with 
129 illustrations. Price, $20.00. Hoeber Medical 
Division, Harper & Row, Publishers, 49 East 33rd 
Street, New York 16, N. Y., 1964. 

La LvMPHOGRAPHIE EN CANCEROLOGIE. By Michel 
Abbes, Chirurgien; Etienne Martin, Anatomo- 
Pathologiste; André Pellegrino, Radiologiste; 
Vincent Paschetta, Radiologiste; and Pierre-Paul 
Prat, Chirurgien, of the Centre de Lutté contre le 
Cancer de Nice. Paper. Pp. 143, with ror figures. 
Expansion Scientifique Française, Editeur, 15, 
Rue Saint-Benott, Paris, 1964. 

NIERENDIAGNOSTIK MIT RADIOISOTOPEN: FUNKTI- 
ONELLE UND MORPHOLOGISCHE ERGEBNISSE IN 
EXPERIMENT UND Kurnik. By Priv.-Doz. Dr. med. 
Karl zum Winkel, Universitāts-Strahlenklinik 
(Czerny-Krankenhaus) Heidelberg. Cloth. Pp. 160, 
with 107 illustrations. Price, DM 57.60. Georg 
Thieme Verlag, Stuttgart, 1964. 

An EPIDEMIOLOGIC STUDY or CERVICAL AND TRO- 
CHANTERIC FRACTURES OF THE FEMUR IN AN 
Ursan POPULATION: ANALYSIS OF 1,664 CASES 
WITH SPECIAL REFERENCE TO Etio.Locic FACTORS. 
By Per-Axel Alffram, Orthopaedic Research 
Laboratories, and the Orthopaedic Clinic, Malmó, 
Sweden. Paper. Pp. 109, with some tables. Acta 
Orthopaedica Scandinavica, Suppl. 65. Munks- 
gaard, Copenhagen, 1964. 

INCIDENCE AND Procnosis or CoxanrHRosis. By 
Lars G. Danielsson, Orthopaedic Research Labora- 
tories, and the Orthopaedic Clinic, and the Roent- 
gen-Diagnostic Department, Malmó General Hos. 
pital, University of Lund, Malmö, Sweden. Paper. 
Pp. 114, with some figures. Acta Orthopaedica 
Scandinavica, Suppl. 66. Munksgaard, Copen- 
hagen, 1964. 

Basic Puvsics AND PniNCIPLES or DiAGNOSTIC 
Raprotocy. By David N. Cheris, M.D., and 
Barbara H. Cheris, M.S., Ed.S. Paper. Pp. 122, 
with 25 illustrations. Price, $2.50. Year Book 
Medical Publishers, Inc., 35 E. Wacker Drive, Chi- 
cago 1, Ill., 1964. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES oy ÁMERICA 


AMERICAN RoENTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clini 
Minn. Annual meeting: Radisson Hotel, 
Minn., Sept. 29-Oct. 2, 1964. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John L. Pool, 755 Park Ave., New York, 
N. Y. Annual meeting: Roosevelt Hotel, New Orleans, 
La., April 8-10, 1965. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Se -Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Nov. 29-Dec. 4, 1964. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C, Stronach, ao N. Wacker 
Drive, Chi 6, Ill. Annual meeting: Bellvue Stratford 
Hotel, Philadelphia, Pa., Feb. 10-13, 1965. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eighth Ave., Spokane 4, Wash. Annual 
meeting: New York, N. Y., June 20-24, 1965. 

American Boarp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Co ndence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Fall 1964 examination will be held at the Americana 
Hotel Bal Hn Florida, December 7-11, inclusive. 
Deadline for filing applications was June 30, 1964. 

AMERICAN Association OF PHYSICISTS IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced. 

AMERICAN A. Pr pai E Fs 
Via E T. egato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL ConGRESS OF RADIOLOGY 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1 Milan, Italy. Address inquiries to Profes- 
sor Dr. of: uigi Turano, President-Elect, Istituto di 
Radiologia, Universita di Roma, Rome, Italy. Meeting: 
September 22-28, 1965. 

EIGETH INTER-AMERICAN Concoress oy RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 

efferson Medical College Hospital, 11th and Walnut 
treets, Philadelphia 7 Doni 
Secretary-General, Dr. Rubén Merenfeld, P.O. Box 9362, 
Caracas. Meeting: Caracas, Venezuela, Oct. 2-9, 1964. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, Ti. Annual meeting to be announced. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Dur , Phoenix, Ariz, Two regular meetings a year. 
Annual mee dos at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION OF Unrversiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Sidney W. Nelson. Annual 
meeting to be announced. 


Rochester, 
inneapolis, 


ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga, Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 PM. 

BAVARIAN-AMERICAN RADioLoaic Society 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, §th General Hospital, APO 154, New York, N. Y. 
Meets quarterly. 

BrockrgYy RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North send St., 
Philadelphia, Pa. 

BrusonAss RAproLooiCAL Sociery 
a a APA Dr. Daniel J. Hanson, University ot 
Kentucky, Medical Center, Lexington, Kentucky. Meets 
quarterly. 

Brooxtyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Jay P. Sackler, Brooklyn, N. Y. Meets 
first Thursday of each month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Eugene V. Leslie, Edward J. Beyer Me- 
morial Hosp., Buffalo 15, N. Y. Meets second Monday 
evening each month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

CENTRAL New Yorx RapioLoGIcaL SoctxTY 
Secretary-Treasurer, Dr. Edward W. Carsky, Crouse- 
Irving Hospital, 820 S. Crouse Ave., Syracuse, N. Y, 
Meets first Monday each month, October through May. 

CENTRAL Onto RAproroatcAL SocrgTY 
Geeretary- Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL Sociery or NucLkEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bidg., 1903 West Harrison St., Chicago 12, Ill 

Cuicaco ROENTQEN SOCIETY 
Secretary-Treasurer, Dr. Robert D. Moseley, Jr., Dept. 
of Radiology, Univ. of Chicago, 950 E. sgth St., Chicago 
37, Ill. Meets second Thursday of each month, October 
to April except December at the Pick-Congress Hotel at 
8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10515 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

Cotorapo RADIOLOGICAL SOCIETY 
IIMA Dr. David J. Stephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Conwecricot VALLEY Rapio.oaie SocigTY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford 6, Conn. Meets first Friday in February and April. 

Datias-Fort Worrs RADIOLOGICAL SOCIETY 
Secretary, Dr. Paul W. Mathews, Jr., 1217 West Cannon 
St., Fort Worth, Tex. Meets monthly, third Monday, at 
Southwest International Airport at 6:00 P.M. 

Derrorr RoevrGEN Ray AND RADIUM SOCIETY 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 
Mich. Meets monthly, first Thursday, October through 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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May, at David Whitney House, 1010 Antietam, at 6:30 
P.M. 


East Bay Rognrcen Sociery 
Secr Dr. Dan Tucker, 434 en St, Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland, Calif. 

East Tennessee RADIOLOGICAL Society 
Secret Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Bldg., Knoxville, Tenn. Meets in January and Sep- 
tember, 

Eastern ConFerencs or RADIOLOGISTS 
Secretary, Arrangements Committee, Dr. Theodore A. 
Tristan, 3400 Spruce St., Philadelphia 4, Pa. Annual 
meeting to be announced. 

STERN RADIOLOGICAL SociETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FLorpa RADIOLOGICAL SoorgTY 
Secretary, Dr. David Kirsh, 712 Du Pont Bldg., Miami 
Fla. Meets twice annually, in the spring with the annu 
State Society Meeting and in the fall. 

Frormwa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
Gen Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Georoia Rapio.ocica Society 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 
ue Meets in spring and fall with Annual State Society 

eeting. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Oliver P. Winslow, Jr., Baptist 
Hospital of Miami, Inc., 8900 S. W. 88th St., Miami 56, 
Fla. Meets monthly, third Wednesday at 8:00 P.M. at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Louis Socrery or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, #16 Hampton Village Plaza, 
St. Louis 9, Mo. 

HovsroN RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A, Van Velzer, Texas Medical Cen- 
ter Hordes H. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

[DAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILuInors RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall. 

INDIANA ROENTOEN Soarery, Ine 
Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business preong during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. F. Conard, Newman Me- 
morial Hosp., Emporia, Kan. Meets in spring with State 
Medical Society and in winter on call. 

Kentucky RapioLoaicaL SocigTY 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kinas County RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brooklyn RT N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 

:45 P.M. 

KNoxviLLEg RaproLoarcaL Socrery 
shah Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
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Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Los ANGELES RADIOLOGICAL SOCIETY 
d Dr. Bernard J. O'Loughlin, Dept. of Radiol. 
og, UCLA Center for Health Sciences, Los Angeles 24, 

alif. Meets second Wednesday of month in September, 

November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles. 

MAINE IOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Capron, Maine Medical 
Center, Portland, Me. Meets in June, September, De- 
cember and April. 

MAnYLAND RAnroLoatcAL Socrgrv 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

MermpHis RoENTOEN SOCIETY 
Secretary-Treasurer, Dr. Irving K. Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn, Meets first Monday 
of each month at John Gaston Hospital. 

Miami VarLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-HupsoN RaptioLoGiCAL SocrETY 
Secretary-Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y., Meets 7:00 P.M., 
first Wednesday of each month September to May. 

MILWAUKEE RoxgNTOEN Ray SocrgTY 
Secretary Treasurer, Dr. Harold F. Ibach, 2400 W. Vil- 


lard Avenue, Milwaukee 9, Wis. Meets monthly on 
ae Monday, October ugh May, at University 
uD, 


MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frank J. Anderson, 810 E. 2th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr 504 Chippewa 
St, Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missoux: RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

MONTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Barry L. Lewis, 165 N. Village Ave., 
Rockville Centre, New York, N. Y. Meets second Tues- 
day of the month in February, April, June, October and 
December, 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Se , Dr. Richard Bunting, The Radiologic Center, 
Nebras Methodist Hospital, Omaha 31, Neb. 
Meets third Wednesday of each month at 6 ra. in 
Omaha or Lincoln. 

NEVADA RADIOLOGICAL SOCIETY 
Seeretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New ExcLAND RozNTGEN Ray SOCIETY 
Seeretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

New Hampsurre Roentorn Ray Socisry 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociaTion or RADIOLOGISTS. 
Secretary-Treasurer, Dr. Justin J. Wolfson, Dee a 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Yorx ROENTGEN SOCIETY 
Secretary, Dr. Francis F. Ruzicka, Jr., St. Vincent’s Hos- 
pital, New York, 11, N. Y. Meets monthly on third Mon 
day at the New York Academy of Medicine at 4:30 P... 
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Norru CAROLINA RADIOLOGICAL SOCIETY l 
Secretary, Dr. E. H. E Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Nortu Dakora RADIOLOGICAL SOCIETY = 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

Norta Fioripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 

acksonville 7, Fla. Meets quarterly in March, June, 
ptember and December. 

NortTHEASTERN NEW Yonk RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meetsin Albany area on second Wednes- 
day of October, November, March and April. 

NonTHExN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

NORTHWESTERN Onto RADIOLOGICAL SOCIETY 
Secretary. Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Ouro State RAbi0LOGICAL SociETY 
Secretary, Dr. M. M. Thompson, Jr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting: Netherlands Plaza 
Hotel, Cincinnati, Ohio, May 14-16, 1965. 

OKLAHOMA STATE RAD1IOLoGICAL SOCIETY 
Secretary, Dr. Dave B. Lhevine, Bio Doctors Bldg., 
2021 South Lewis, Tulsa, Okla. Meets in January, May 
and October. 

Orange County RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert M. Sodaro, 600 E. Wash- 
ington Ave., Santa Ana, Calif. Meets fourth Tuesday of 
month except June, July, August and December in 
Orange County Medical Association Building. 

OnzcoN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James A. Schneider, St, Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
S month at 7:00 P.M. at the University Club, Portland, 

re. 

Ox sans Parisn RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NortHwest RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Donley, 543 East 4th Street, 
Bend, Ore. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting to be an- 
nounced. 

PHILADELPHIA RoENTGEN Ray Society 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at 5 ».«., from October to May 
in Thompson Hall, College of Physicians. 

PrrrssorcH ROENTGEN Sociery 
Secretary, Dr. Robert N. Berk, 230 Lothrop St., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through Tune at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY or CONNECTICUT 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven II, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. John F. Popkin, Jr., 831 Carew Tower, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RADIOLOGICAL SocigrY oy Hawan 
Secretary, Dr. ar S. Childs, Kuakini Hospital, 
Honolulu, Hawaii. Meets third Monday of each month 
at 7:30 P.M 
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RapioLocicAL Sociery or Greater Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RapioLoGicAL SociETY or Kansas Crrv 
Secretary, Dr. Arthur B. Smith, 800 le Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society or LOUISIANA 2 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting.  . 

RADIOLOGICAL Society or New JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEw YORK 


Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 


RADIOLOGICAL Socigry or Souru DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
DEG ADULTS Dr. Charles G. Campbell, La Jolla, 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumonD County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
August, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuesrer RogNrGEN Ray Socrery, RocuEsTEn, N. Y. 
Secretary, Dr. Gerald R. Holzwasser, Rochester General 
Hospital, Northside Division, 1425 Portland Ave., 
Rochester 21, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rockv Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting to be announced. 

San ANTONIO-MiLrrAny RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bidg., San Antonio 5, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San Dreco RADIOLOGICAL SOCIETY 
President-Secretary, Charles P. Pop 7901 Frost St., 
San Diego 22, Calif Meets first Wednesday of each 
month at the University Club. 

SAN Francisco RADIOLOoGICAL Society 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. 

SECTION on RADIOLOGY, CALIFORNIA MEDICAL ÁSSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SECTION ON RaproLocy, MepicaL Socrery or rug Dis- 
TRICT OF COLUMBIA 
Secretary - Treasurer, Dr. Martin A. Thomas, 1150 Con- 
necticut Ave., Washington 6, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 P.M. i 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary ,* p T D. Reeves, Department of Radiol- 
ogy» Univ. of Florida College of Medicine, Gainesville, 

E Annual meeting: Memphis, Tennessee, Nov. 16-19, 
1964. 

SECTION ON RapioLoGY, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 


* Deceased. 
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SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R, Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SociEgTY ror Peptarric RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, Los 
Angeles 27, Calif. Annual meeting: Radisson Hotel, 
Minneapolis, Minn., Sept. 28, 1964. 

Society or Nuccear MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago u, Ill. 
Annual meeting to be announced. 

SoutH Bay RapnioLocoicAL Socrery 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 Whipple Ave., Redwood City, Calif.; Southern Sec- 
tion: Dr. A. C. Mitchell, 728 Cass, Monterey, Calif. 
Meets second Wednesday of each month. 

Sours Caro.ina RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Grand Hotel, Point Clear, Ala., Jan 29-31, 1965. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Ch 
Tex. Meets last Monday of each month at 
the Paso del Norte Hotel, 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
pus Tenn. Meets annually at the time and place of the 

ennessee State Medical Association meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth ^ Tex. Annual 
meeting: Houston, Texas, Jan. 29-30, 1965. 

TRI-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital, Henderson, Ky. Meets third Wednesday of Oct., 
poe March and May, 8:00 P.M., Elks Club in Evansville, 
Ind. 

Universtry Or Micuican Department oF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Upper PEuINsULA Rapio.oeicar SocrkTY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarteriy. 

Uran Srare RapioLootcAL Sociery 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 
pital, Salt Lake City, Utah. Meets fourth Wednesday in 
january March, May, September and November at 
Holy Cross Hospital. 

Vermont RADIOLOGICAL SOCIETY 
Sam, Dr. John R. Williams, 160 Allen St., Rutland, 

t. 


El Paso, 
130 P.M. in 


VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

WASHINGTON Srare RADIOLOGICAL SocigTY 
Secretary, Dr. Robert H. Rosenberg, 7o11 38th Ave., 
N.E., Seattle 15, Wash. Meets quarterly. 

West Virornta RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. ME. The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Joel J. Schwartzman, Westchester Academy 
of Medicine, Section on Radiology, Purchase, N. Y. 
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Meets on third Tuesday of January and October and on 
two other dates. 
Wisconsin RADIOLOGICAL SOCIETY 


Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
Green Bay, Wis. Annual meeting each spring in various 
places. 


Cusa, Mexico, Purrro Rico AND CENTRAL AMERICA 


Asociaci6n DE RapióLogos DE CENTRO AMERICA Y 
PANAMÁ. Comprising: Guatemala, E] Salvador, Hon- 
duras, Nicaregua, Costa Rica and Panamá. 
Secretary-General, Dr. Raul ello, sa. Ave., Norte 
No. 48, San Salvador, El Salvador. Meets annually in a 
rotating manaer in the six countries. 

SociEgDAD DE Rapio.ocfa pg Er Sarvapor 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 97. Calle A 0-05, Zona 1, 
Guatemala. 

Soci&DAD DE RaprioLocía v FisiorggAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 v F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hostal 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Cosra Rica. 

SocrepaD MaxrcaNA DE RapioLoofa, A.C, 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACION PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocrepaD Rapiciéeica PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a 'ocal hospital chosen at preceding meeting. 

SociEDAD RapiaLécica DE Puerto Rico 
Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


Bnarrisu COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF ee 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets four 
times a year. 

BRITISH INSTITUTE oF RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St.. 
London, W. 1. England. Meets monthly from October 
until May. 

CANADIAN ÁssccIATION oF Puysicisrs, Division oF 
MzpicAL AND BroroaicAL Pxysics. 

Honorary Szcretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

EDMONTON AND Disrricr RaDioLooticAL SOCIETY 
Secretary, Ur. J. T. Mason, 540 Tegler Bldg., Edmonton, 
Alberta, Canaca. Meets second Tuesday of each month, 
October to Mav. 

FACULTY or KAprioLooIsTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln's Inn 
Fields. London, Wes. England. Annual meeting to be 
announced. 

FAcuLTY or Rapio.ocists, Roya, CoLLEOE or SURGEONS 
IN IRELAND 
Registrar, Lr. H. O'Flanagan, F.R.C.P.I.,, D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

SECTION or RaDIOLoGy or THE Rovar Socigrv or Meni- 
CINE (ConmNeD TO MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.m. at the Royal 
TORY of Medicine, 1 Wimpole St., Ladon, W. 1, Eng- 
and. 
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CANADIAN ASSOCIATION or RADIOLOGISTS 
Honorary Secretary Treasurer, Dr. D. J. Sieniewicz, Asso- 
ciate Honorary Secretary- Treasurer, Dr. Maurice Dufresne 
1566 Summerhill Ave, Montreal 25, Que., Canada. 
Annual meeting to be announced. 

Montreat RaproLocican Srupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SEcrION oF RADIOLOGY, CANADIAN MEDICAL ÁSSOCIATION 
Se , Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE D'ELECTRO-RADIOLOGIE 


MÉDICALE 

General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada. Meets third 
Saturday each month. 


Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Jos pas Hospitals, 
30 The Queensway, Toronto 3, Ont., Canada. M eets 
second Monday of each month ptember through May. 
CorLEGE or RADIOLOGISTS or AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


AÁsOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. M Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 pox. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Corícro BnastiLEIRO DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, São Paulo, Brazil. 

SOCIEDAD ÁRGENTINA DE RADIOLOGIA 
Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires, Meetings are held monthly. 

SocigDAD BorrvaNA pg RapioLoGfA 
Secretary, Dr. PAR Prada Méndez, Casilla 1 596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years, 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assem ly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadetro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 


Secretary, Dr. J. P. Velasco, Avenida Santa Maria 
oo. antiago, Chile. Meets fourth Friday of each 
month. 


SocigDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SocriEDAD Ecuaroriana DE RaADioLoofA v FisiorTERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SocrEDAD PARAGUAYA DE RaproLocfa 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru, Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión," Villalta 218, Lima. 

SocikEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 f41—110, Baran- 
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uilla, Colombia. Society meets monthly at the Instituto 
e Radiologia. 
Socigbap DE RapioLoofa, CaNcEROLOGÍA Y Fisica 
MÉDICA pet URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 
SOCIEDADE DE IOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 
SOCIEDAD DE RogwTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia De CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 
SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Seeretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
ae Friday at Colegio Médico del Distrito Federal, 
aracas, 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTQEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 
Sociérk Beror pg RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 
SociÉrf Francaise D ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SociÉTÉ pu Sup-Ovest, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU Lvoswars, DU 
NORD, DE L'OUEST, DE L’Est, ET D'ALGER ET D'AFRIQUE 
pu Nozp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 
Seeretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 
ČESKOSLOVENSKÁ SPOLEČNOST PRO RoENTGENOLOGII A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova fo 
Czechoslovakia, Meets monthly except during July, 
August, and September. Annual gen 


meeting. 
Dzvurseug RÓNTOENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitats- 
Róntgeninstitut,, Lagenbeckstr. 1, Mainz, Germany. 
SocigTÀ lrALIANA DI RaprioLoagtA MEDICA E DI MEDICINA 


NUCLEARE . 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Ttaly. Meets annually. 


NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roen societies have formed a 
joint association called the Northem Association for 
edical Radiology, meeting every second year in the 
different countries belonging to the Assocation. 
SocrgbaAD EsPARoLA pe RaproLtocfia v ELeEcrTROLOGÍA 
Mépicas Y Mepicina NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉTÉ SuissE DE RADIOLOGIE ET 
pe MépzcorNE NUCLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


ASIA 


Inpran RADIOLOGICAL ÁSSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

InpowssiaAn RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad Taman Tjut 
Mutiah 1, Diakarta, Indonesia. 
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LITERATURE 
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ROENTGEN DIAGNOSIS 
Heap 


GAYARRE, M. G., and GAYARRE, C. G.: Radio- 
logic study of the optic foramina......... 
Cuene, T. B.: Nasopharyngeal chordoma..... 
Becker, M. H., and Jacox, H. W.: Olfactory 
esthesioneuroepithelioma: experiences in the 
management of a rare intranasal malignant 
NEOPLASIE 0. exa beste irt Gir N 
Ennis, L. M.: : ROSE DEP DAE ai appearance of 
calcified acnelesions...... eee 


NECK AND CHEST 


Poorz, G., and STRADLING, P.: Routine radiog- 
raphy for haemoptysis......... eese 
May, I. A.: Pulmonary infection and the hid- 
den TUMO oss voci vehic bb PREDA T 
Simon, H., and Moon, A. C.: Pitfalls in the 
diagnosis of Pancoast tumor........... 
Davipson, J. K.: Pulmonary changes in de- 
compression sickness: some observations on 
compressed air workers at the Clyde tun- 


Murpuy, D. R. e£ al.: Tracheobronchial com- 
pression due to a vascular sling........... 
Lemseck, F. e£ al.: Metastasizing bronchial 
carcinoid with carcinoid syndrome......... 
SEeGALL, H. N., and Spira, E. N.: A case of 
atrial septal defect observed during 25 years: 
clinical and pathological data, with special 
reference to heart sounds and murmurs..... 
Svosopa, M.: Roentgenologic symptomatology 
of Candida esophagitis. ............ esse 


ABDOMEN 


HinpEBRAND, H., and Tuomson, F. B.: Stasis 
gastric ulcer: a complication of duodenal 
BÍIGBET icon quet did as Ce ea oed 

ROSENBERG, J. C.: Gastroduodenal leiomyo- 
sarcomas: a report of the clinical, roentgeno- 
logic, and pathologic features of three surgi- 
dal CASES oaeen Aa AAE ME Bae 


SKELETAL SYSTEM 


Scuwartz, H.: Abraham Lincoln and the 
Marfan syndrome.......... eee eee 
Winer, H. I., and Finsy, N.: Skeletal mani- 
festations in the Marfan syndrome. ....... 
Sen wanTz, D. T., and Apert, M.: The malig- 
nant transformation of fibrous dysplasia... 
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MNavMNEH, W. A, Duprey, H. R., and 
MsavMNEB, G.: Giant-cell tumor of bone: 
an analysis and follow-up study of the 
forty-one cases observed at the Massachu- 
setts General Hospital between 1925 and 
Loi e RE E ES AE S A TETERE ET 

PugLAN, J. T, and CABRERA, A.: Osteo- 
sarcoma Of DOUG sorde RERNSEA ean es 

Nagi, A. F. ef al.: So-called adamantinoma of 
long bones: report of a case with massive 
pulmonary metastasis. ........ sese. 

CuHAWLA, S.: Intrauterine osteogenesis imper- 
fecta in four siblings. soe cio ex hee tn 

Scuerr, D. D.: A severely deformed patient 
with osteogenesis imperfecta at the age of 
AMY1OUl d Loos dara sp EE PE picea 

Grirritus, D. Lr, and Movsmaw, F. J.: 
Multiple epiphysial injuries in babies (“bat- 
tered baby" syndrome)...........-..4-. 

Lees, F., and TURNER, J. W. A.: Natural his- 
tory and prognosis of cervical spondylosis. . 

WELLENS, P., and BAERT, A.: The difficulty of 
the radiological diagnosis of certain intraver- 
tebral herniations. is.0d0eelexetacne e 

Burr, W. P.: Lumbar discography.......... 


RADIATION THERAPY 


Ferouson, G. B.: High voltage radiation: an 
adjunct to surgery in large extrinsic malig- 
nancies of the larynx. ........ elles. 

Wosser, K., and Stein, G.: Results of treat- 
ing malignant skin tumors with combined 
roentgen radiation and ultrasound.. 

Kurrio, H., and Bräutigam, H.: Grid irradia- 
tion in telecesium CNETADY ouv tin cee 

Peru, J. I: Intraluminal beta irradiation in 
leukoplakia constricting the male urethra 

Farcui, Q., and Prerorm, P.: Bilateral frac- 
ture of the neck of the femur secondary to 
telecobaltherapy of the pelvis............. 

HonEeNrELLNER, R., and Weosaupt, K.: 
Urologic complications following irradiation 
of carcinoma of the uterine cervix......... 


RADIOISOTOPES 


McApams, G. B., and Reinrranx, R. F.: 
Resin sponge modification of the I! T3 test 
Sgrarorr, D. M., Caarxes, N. D., and 
Morse, D.: Measurement of pericardial fluid 
correlated with the I*-cholografin and 
JHSA heart scan. crescer ue o ERR ER ied 
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fusion by radioisotope heart scanning...... 252. Marné, G.: The treatment of accidentally ir- 
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ROENTGEN DIAGNOSIS 
Heap 


GAYARRE, MIGUEL GIL, and GAYARRE, CARLOS 
Gir. Estudio radiológico del agujero óptico. 
(Radiologic study of the optic foramina.) 
Acta iber. radiol. cancerol., Oct.-Dec., 1963, 
78, 385—397. (From: Clinica de Medicina 
Fisica San Francisco Javier, Vitrubio, 11, 

` Madrid, Spain.) 

Án attempt was made to relate the dimensions of 
the optic foramina (as seen in the roentgenograms, 
using the technique of Brunetti) to those of the orbit. 

The relationship is given by 


aX 
R= 





XICO, 


AXB 


where 4 is the vertical, and B the transverse diam- 
eter of the orbit; and a is the vertical, and å the trans- 
verse diameter of the optic foramina. 

In 8 normal adult individuals R had values ranging 
from 36 to 88, with a mean of 51. In 7 children (aged 
4 to 12 years), R had values ranging from 41 to 64, 
with a mean of 54. 

It is proposed that an A value greater than 80 
would be evidence of atrophy of the optic canal, 
whereas when it is enlarged, one would find values 
of R smaller than 35. 

No observations are reported on patients with 
conditions that might produce alterations in the size 
of the optic foramina.—F. Comas, M.D. 


Cuenc, TAN Ban. Nasopharyngeal chordoma. 
Singapore M. F., Dec., 1963, 4, 168-170. 
(From: Radiotherapy Department, Gen- 
eral Hospital, Singapore, 3, Singapore.) 


This is a case report of a 42 year old Chinese male 
with a cranial chordoma. He had headache with 
numbness of the right side of the face, blurred vision 
in the right eye and right nasal obstruction. 

A rounded tumor was present in the right choana, 
and roentgenograms showed a mass at the base of the 
skull on the right with questionable erosion of the 
apex of the petrous ridge. Several biopsies were in- 
conclusive. A clinical diagnosis of nasopharyngeal 
carcinoma was made and he was given 5,292 r with 
orthovoltage irradiation in a period of 54 weeks. 
There was no appreciable regression of the mass. 

Three yearslater a repeat biopsy showed chordoma. 
Although his symptoms had improved the roent- 
genograms revealed involvement of the medial wall 
of the antrum, the ethmoids and the sphenoid sinus 
with destruction of the sella and calcifications above 
the pituitary fossa. The mass in the right choana, 
however, was smaller. The patient refused surgery as 
he was relatively symptom free with only slight blur- 
ring of vision in the right eye. He was last seen 54 
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years after the initial examination without further 
progression 

The clinizal features of chordoma depend on the 
site and direction of spread. In the cranial cases the 
growth spreads intracranially at an early stage and 
there is death from compression of vital structures. 
Obstructive symptoms are present when it extends 
into the nasopharynx. 

The author quotes Wood and Himadi who reviewed 
roentgenograms of 7 cases of cranial chordoma and 
found osteo.ysis of various portions of the sphenoid 
bone, and extension into the nasopharynx and 
ethmoid siruses. Intracranial calcium adjacent to 
the area of bone destruction was evident in 6 of 7 
cases; these zould represent either sequestrated bone 
fragments or actual calcification within the tumor. 

The tumors are relatively radioresistant, complete 
removal is extremely difficult and recurrence after 
surgery is almost inevitable. 

Radiation therapy should be used, however, since 
it appears to have a degree of growth restraint. There 
have been several reports of regression of tumors with 
irradiation and I patient reported by Windeyer in 
1955 survived 18 years after receiving 3 courses of 
irradiation. 

Five year survival of cranial chordomas is rare. 
The patient presented here has survived 54 years 
after irradiazion and when last seen was relatively 
symptom frez.— Martha Motiram, M.D. 


Becker, Mervin H., and Jacox, Hagorp W. 
Olfactory esthesioneuroepithelioma: experi- 
ences in the management of a rare intra- 
nasal malignant neoplasm. Radiology, Jan., 
1964, 82, 77-83. (Address: New York Uni- 
versity Hospital, 560 First Avenue, New 
York 16, N.Y.) 


Olfactory esthesioneuroepithelioma 1s a rare malig 
nant neoplasm arising from the olfactory ap- 
paratus. It has a histologic pattern similar to that 
observed in tumors of the adrenal medulla and retina. 
Since it has an anaplastic appearance, it has been 
mistaken for other types of malignancies, and the 
microscopic differentiation can be difficult. 

The literature is reviewed by the authors, who 
found 63 previously reported cases to which they 
add 5 more. Clinically, the olfactory esthesioneuro- 
epithelioma arises most often from the middle 
turbinate anc near the ethmoid sinuses, The mass 
tends to have a polypoid appearance, is grayish-red 
or grayish-yellow in color, and bleeds easily on con- 
tact. The presenting symptoms are nonspecific, often 
being those »f nasal obstruction, headache, and 
epistaxis, Sinusitis is a frequent complication. Usu- 
ally the tumor grows slowly, and tends to extend 
locally with invasion of the orbits and brain. Local 
recurrence following surgical removal is common, and 
later distant spread may occur. 

Analysis of the reported cases as well as of their 
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own lead the authors to conclude that the best treat- 
ment of olfactory esthesioneuroepithelioma is by as 
complete surgical removal as possible, followed by 
radiation therapy of 5,000-6,000 r in 4 to 6 weeks to 
the tumor area. The treatment portals should be 
anterior as well as lateral in order to cover the tumor 
site completely.—J7ames C. Moore, M.D. 


Ennis, Leroy M. Roentgenographic appear- 
ance of calcified acne lesions. 7. 4m. Dent. 
A., Mar., 1964, 68, 351-357. (Address: 4001 
Spruce Street, Philadelphia, Pa.) 


The primary developmental lesion in common acne 
is the comedo. The clinical whitehead is a closed 
comedo having only a microscopic opening which 
prevents the contents from escaping. The rupture of 
the walls leads to the liberation of lipoids and horny 
material into the surrounding dermis resulting in an 
anflammatory reaction. Subsequent tissue necrosis 
creates an ideal condition for dystrophic calcification. 

In the roentgenogram these regions present a 
typical picture which conforms to the architecture of 
the degenerated tissue. 

A case report is presented in which snow-flake-like 
calcific areas, the result of calcinosis of the acne 
lesion, could be seen in roentgenograms of the soft 
tissues of the cheek.—Francts P. Shea, M.D. 


NECK AND CHEST 


PooLE, GRAHAM, and STRADLING, PETER. 
Routine radiography for haemoptysis. Brit. 
M. F., Feb. 8, 1964, 7, 341-342. (Address: 
Dr. Poole, Assistant Physician and Tutor in 
Thoracic Medicine, Hammersmith Chest 
Clinic and Department of Medicine, Post- 
graduate Medical School of London, London 
England.) 


The authors have reviewed the findings in a group 
of 481 patients referred for chest roentgenography 
because of reported hemoptysis. In 42 per cent of 
these the roentgenograms revealed significant abnor- 
malities. More than half of the patients with initial 
normal roentgenograms were re-examined one month 
later and in only one case did this second examina- 
tion lead to a significant diagnosis. Followup of many 
of the negative group by simple questionary 3 years 
after their referral revealed only 2 with subsequent 
illnesses probably related to the hemoptysis, one 
with carcinoma of the hypopharynx and the other 
with sulphonamide-induced purpura. 

It is concluded that all patients with hemoptysis 
should be sent for roentgenographic examination 
immediately. A second examination one month later 
following an original negative examination is un- 
necessary, particularly when the danger of observer 
variation is minimized by double reading.—Arthur 
E. Childe, M.D. 
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May, Ivan A. Pulmonary infection and the 
hidden tumor. G.P., Mar., 1964, 29, 78-85. 
(Address: Thoracic and Cardiovascular Serv- 
ice, Highland-Alemeda County Hospital, 
Oakland, Calif.) 


Approximately one-half of the patients with car- 
cinoma of the lung consult their physicians because 
of symptoms incident to the associated secondary 
infection. Hemoptysis due to tumor is particularly 
significant if it continues daily in small amounts. 
Vessels eroded by infection usually bleed more pro- 
fusely and then stop. 

If an obvious mass with peripheral infiltration is 
shown on the chest roentgenogram, the treatment 
is clear. However, the acutely ill patient with pul- 
monary infiltration but no discrete mass is more diffi- 
cult to handle. The patient must be treated inten- 
sively and the inflammatory lesion must progres- 
sively diminish and completely disappear rapidly. 
One must never watch a lesion to see whether it 
grows, since it may be progressing relentlessly toward 
incurability. 

Several important points regarding carcinoma of 
the lung are emphasized by the 9 illustrative case 
histories presented. 

A small tumor may cause a large peripheral in- 
flammatory lung mass and one must always beware 
of the diminution of the pulmonary lesion as it be- 
comes more atelectatic and/or shifts to a less obvious 
site, such as against the mediastinum or behind the 
heart. Recurrent infections in the same location 
should alert the physician to the possibility of 
bronchial obstruction by tumor. 

Finally, carcinoma of the lung occasionally re- 
mains unchanged for years before rapidly spreading, 
making it difficult to decide how long to wait for 
clearing or surgical intervention.—Francis P. Shea, 


Simon, Hanorp, and Moon, Atrrep C. Pit- 
falls in the diagnosis of Pancoast tumor. 
Radiology, Feb., 1964, 82, 235—239. (Address: 
111 Hammondswood Road, Chestnut Hill 
67, Mass.) 


Early diagnosis of tumors of the superior pulmo- 
nary sulcus is especially important as vigorous thera- 
peutic efforts produce significant palliation and some 
cures. Routine chest roentgenograms often do not 
reveal the tumor. Posteroanterior, lateral, and lor- 
dotic chest roentgenograms plus an anteroposterior 
roentgenogram of the lower cervical and upper dorsal 
spine are usually required. Occasionally, a barium 
swallow study, laminagrams of the apices and myelo- 
grams may be helpful. 

Superior pulmonary sulcus tumors are character- 
ized by pain around the shoulder, frequently radiat- 
ing into the axilla, toward the scapula, or down the 
arm. Atrophy or weakness of the hand muscles and 
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swelling of the extremity can occur. A Horner's syn- 
drome of homolateral enophthalmos, miosis, ptosis 
and anhidrosis classically accompanies the peripheral 
findings. 

Seven of the 11 cases reported by the authors were 
not diagnosed on routine chest roentgenograms. Six 
patients had bone destruction and 5 had soft tissue 
mass only. Four patients had a history of over 6 
months and 2 had a history of at least 2 years. This 
suggests that this tumor may have a longer clinical 
history than was previously believed.—. W. 
Sommer, M.D. 


Davipson, Joun K. Pulmonary changes in 
decompression sickness: some observations 
on compressed air workers at the Clyde 
tunnel. Clin. Radiol., April, 1964, 75, 106— 
111. (From: Department of Radiodiagnosis, 
Southern General Hospital, Glasgow, Scot- 
land.) 


Decompression sickness (‘the bends,’ caisson dis- 
ease, compressed air illness) 1s a condition which may 
occur in men working in compressed air on civil 
engineering projects, in deep sea divers, in under- 
water swimmers using breathing apparatus and in 
people flying at great heights in nonpressurized air- 
craft. Too rapid a decompression may result in the 
release of nitrogen bubbles from the tissues of the 
body and so give rise to symptoms. 

The most common symptom is pain, frequently 
felt in the knees, hips, wrists and elbows. When the 
pain is slight it is referred to as ‘the niggles.’ Ery- 
thema of the skin with pruritus may occur. A more 
serious symptom is dyspnea, ‘the chokes,’ often 
progressing to circulatory failure and shock. If 
bubbles develop in the spinal cord during decom- 
pression, paralysis may occur. Avascular necrosis of 
bone may develop as a late complication. The symp- 
toms are thought to be due to the presence of gas 
bubbles, probably nitrogen, in the circulation or 
tissues. If the decompression is too rapid, the tension 
of gas dissolved in the body fluids becomes more than 
twice that of the surrounding atmosphere. 

Three case histories are given. In one patient 
death occurred, and postmortem examination re- 
vealed a large collapsed subpleural bulla close to the 
hilus of the nght lung. Large quantities of small air 
bubbles exuded from the cut vessels and from the 
subcutaneous tissues. In the other 2 patients roent- 
genograms of the chest showed opacities (fine linear 
in one, and small ill-defined nodular in the other) 
throughout both lung fields, and the proximal pul- 
monary vessels were enlarged. Small transudates were 
noted at the costophrenic sinuses. 

Gas trapped in a pulmonary air cyst may burst 
into the pulmonary circulation during decompres- 
sion if a partial or complete obstruction of a bronchus 
or bronchiole should occur when the individual was 
in compressed air. In such circumstances during de- 
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compression a cyst might form, which could expand 
as the surrounding pressure falls. 

In 293 men, all of whom had normal pre-employ- 
ment chest roentgenograms, there was no roentgeno- 
graphic evidence of cysts, bullae, or other abnor- 
mality in the lung fields after working in compressed . 
air for periods of 6 months to 1 year. À roentgeno- 
graphic screening test on all new employees (exclud- 
ing from employment in compressed air any with 
evidence of bullae, old tuberculous scars, tuberculous 
disease, emphysema or other pulmonary pathology) 
had no definite effect in reducing the over-all’ inci- 
dence of decompression sickness. Nevertheless, until 
any possible relation between pulmonary pathology 
and decompresion sickness has been clarified, men 
with acute bronchitis or chronic bronchitis and 
emphysema whose chest roentgenograms are normal, 
and any with roentgenographic evidence of pulmo- 
nary pathology, especially a cyst, bulla or emphysema , 
should not be permitted to work in compressed air.— 
Samuel G. Henderson, M.D. 


MuneHv, Davin R., Dunsar, F. Scorr, 
MacEwan, D. W., SaNCHE2, Francisco R., 
and Perey, Danie, Y. E. Tracheobron- 
chial compression due to a vascular sling. 
Surg., Gynec. €9 Obst., Mar., 1964, 716, 572- 
578. (From: Departments of Cardiovascular 
Surgery and Radiology, The Montreal 
Children's Hospital, and the Departments 
of Surgery and Radiology, McGill Univer- 
sity, Montreal, Quebec, Canada.) 


Anomalous left pulmonary artery or “vascular 
sling" is discussed as a cause of upper respiratory 
obstruction in infants and 4 cases are reported. The 
aberrant artery arises from the main pulmonary 
artery and courses superiorly and to the right of the 
trachea, and then to the left between the esophagus 
and lower trachea. 

Of the 4 cases reported, 3 were treated surgically 
by division of the anomalous artery and re-anasto- 
mosis anterior to the trachea, Good results were ob- 
tained in all 5. The fourth case was asymptomatic 
and discovered at autopsy after expiring from un- 
related causes. It is suggested that this condition is 
amenable to surgery and must be considered in the 
differential diagnosis of respiratory obstruction in 
infancy. Other causes and their differential points 
are discussed. 

The authors offer some roentgenographic features 
which should suggest the presence of an anomalous 
left pulmonary artery or vascular sling. There is 
anterior impression on the wall of the esophagus 
associated with posterolateral impression on the. 
tracheobronchial angle and slight displacement of 
the lower portion of the trachea to the left. A vascular 
sling tends to separate the compressed airway from 
the esophagus, while a vascular ring approximates 
the trachea to the esophagus. It should be noted 
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also that a ring is located at the level of the aortic 
arch, which is higher than one would expect to see a 
vascular sling. 

Drawings are included which aid in understanding 
the anatomy of this anomaly.—Donald E. Widman, 
M.D. 


LeMBECK, E., Lercur, E., Mónivs, G., and 
ZUBER, O. Metastasizing bronchial car- 
cinoid with carcinoid syndrome. German 
Med. Monthly, Feb., 1964, 9, 49—51. (From: 
Medical Department of the District Hos- 
pital, Wismar, Department of Pathology, 
District Hospital, Schwerin, and Pharmaco- 
logical Institute, University of Tübingen, 
Germany.) 


A case of bronchial carcinoid with hepatic metas- 
tases is reported. The patient, a 60 year old man, 
suffered from pain in the left chest, dyspnea, and 
headaches, as well as watery diarrhea of increasing 
frequency. Intake of a small amount of alcohol would 
produce intense’ facial flushing and intoxication. 
There was a 20-pound weight loss. 

Physical examination revealed redness of the face, 
neck and mucous membranes with slight cyanosis of 
the lips and extremities. The heart was enlarged to 
percussion with a loud systolic murmur over the 
entire precordium. The pulse was rapid, the blood 
pressure normal. The liver was enlarged. 

A chest roentgenogram was negative except for 
slight cardiomegaly. An upper gastrointestinal ex- 
amination was negative. 

Nine days after hospitalization, the patient died of 
right ventricular failure. Postmortem examination 
revealed a cherry sized carcinoid tumor of the left 
lower Jobe bronchus. Multiple pleural metastases 
were present. There was a fist-sized metastasis in 
each lobe of the liver. The tricuspid and pulmonary 
valves were abnormal with thickening and shrinkage 
of the cusps. Endocardial fibrosis was present in the 
right ventricle. 

Only a small amount of serotonin wag found in the 
bronchial tumor and in the hepatic metastases. The 
authors postulate that the interval of 53 hours be- 
tween death and the postmortem examination may 
have been responsible for this. 

They conclude that a typical carcinoid syndrome 
as well as the right sided endocardial fibrosis will 
develop only if there are substantial hepatic metas- 
tases. It is possible for the carcinoid syndrome to 
develop following removal of the primary tumor if 
hepatic metastases are already present.—Sseven H. 
Cornell, M.D. 


SEGALL, Haroup N., and Sprra, Errot N. A 
case of atrial septal defect observed during 
. 26 years: clinical and pathological data, 
with special reference to heart sounds and 
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murmurs. Canad. M. A. F., Mar. 7, 1964, 
90, 636-643. (From: Department of Medi- 
cine, McGill University, and the Cardiac 
Clinics of the Montreal General and Jewish 
General Hospitals, Montreal, Quebec, 
Canada.) 


The authors report a case of congenital atrial 
septal defect which was observed for a period of 25 
years. The patient had no symptoms until 1932 when 
at the age of 33 years he was admitted to the Mon- 
treal General Hospital complaining of retrosternal 
pain, and palpitation accompanied by a sensation of 
suffocation on exertion and after eating. He declared 
that he had not had rheumatic fever, scarlet fever or 
chorea. In 1930 he had had a febrile illness which 
lasted 3 weeks and was diagnosed as typhoid fever by 
his family physician. 

On admission to the hospital he was of normal gen- 
eral appearance. He had a tachycardia with a rate of 
120/min.; tachypnea of 28/min.; and a temperature 
of 98° F. A greyish cyanosis of the lips and fingernails 
was noted by some observers. The heart was en- 
larged to the left and downward. Arterial pressure 
was 90/70 mm. Hg. A systolic murmur was heard to 
the left of the sternum and at the base, and several 
independent observers heard a presystolic murmur 
and felt a thrill, followed by a sharp first sound at 
the apex, during an episode of atrial flutter. Roent- 
genographic studies confirmed the presence of cardio- 
megaly, the transverse diameter of the heart measur- 
ing 16.6 cm, and that of the chest 29.8 cm. His electro- 
cardiogram showed right-axis deviation and atrial 
flutter followed by sinus rhythm after quinidine 
sulfate therapy had been administered. He was dis- 
charged from the hospital with a diagnosis of mitral 
stenosis. 

The patient worked as a skilled operator in a 
millinery factory until he became totally disabled in 
1956, a year before his death. He wasaway from work 
during the phases of severe cardiac failure, usually 
initiated by respiratory infections—exacerbations of 
chronic bronchitis. In the last year of his life, he 
spent much of his time in the hospital; the terminal 
illness was in part due to a malignant primary 
hepatoma. 

Between the ages of 33 and 48 years, occasional 
recurrences of paroxysmal atrial flutter or fibrillation 
occurred until atrial fibrillation became permanent at 
the age of 49. Digitalization controlled the ventricu- 
lar rate once atrial fibrillation was established per- 
manently, and he no longer experienced palpitation. 
The liver edge was palpated 6 cm. below the costal 
margin when he was 41 years old, and subsequently 
it gradually became larger; at age $2 it was 8 cm., 
at 57, 12 cm., and during his terminal illness it 
reached 15 cm. below the costal border. Systolic 
pulsation of the liver was first noticed at the age of 
53. Edema of the legs first appeared at the age of 46. 
Ascites was found in the last year of his life, when he 
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Was 57 years of age, when diuretics in various com- 
binations became less and less effective, 

Anteroposterior and lateral roentgenograms of the 
chest made on June 25, 1957, six months before the 
patient's death, showed that the pulmonary artery 
segment was very prominent at the left border of the 
heart and that large main branches of the pulmonary 
artery in the right hilus were present. The vascular 
shadows extended to the posterior mediastinum. 
There was evidence of marked right ventricular and 
left atrial enlargement. 

The postmortem examination revealed a “cor 
bovinum," the heart weighing 600 grams; a large 
congenital septum secundum atrial septal defect 
measuring 3 cm. in diameter; greatly dilated left and 
right atria; marked enlargement and hypertrophy of 
the right ventricle, its wall being 9 mm. thick; and 
normal appearance of the left ventricle. There was 
great dilatation of the tricuspid valve ring; it meas- 
ured 15 cm., indicating tricuspid valve insufficiency. 
The aortic valve ring measured § cm.; the mitral 
valve, 8 cm.; and the pulmonic valve, 10.5 cm. There 
was enormous dilatation of the pulmonary arterial 
tree, with atherosclerosis in the main artery and its 
smaller branches, but no ulceration of intima and no 
thrombi or emboli. There was minimal atherosclero- 
sis of the coronary arteries. Laennec's cirrhosis of the 
liver was present, and a hepatic neoplasm had given 
rise to metastases within the liver and the bodies of 
the fourth and fifth lumbar vertebrae. Chronic 
gastric ulcer, bilateral gynecomastia and testicular 
atrophy were also noted. The heart's blood was 
cultured but gave no growth. 

In discussing the clinical observations over a span 
of 25 years the authors devote special attention to 
the variations in the heart sounds and murmurs 
which were recorded by the method of writing quan- 
titative symbols during auscultation.— C. Peter 
Truog, M.D. 


Svopopa, M. Róntgenologische Symptoma- 
tologie der Candida-Osophagitiden. (Roent- 
genologic symptomatology of Candida eso- 
phagitis.) Fortschr. a. d. Geb. d. Röntgen- 
strahlen u. d. Nuklearmedizin, Mar., 1964, 
I00, 334-341. (Address: U nemocnice 1, 
Praha 2, Czechoslovakia.) 


The roentgenologist must consider the possibility 
of esophageal moniliasis in patients who have been 
seriously ill, have been on massive doses of anti- 
biotics and/or steroid therapy, and who suddenly 
begin to complain of dysphagia. The roentgen fea- 
tures are rapid alterations in the appearance of the 
esophagus, widespread involvement, multiple ulcera- 
tions and variable filling defects. 

The functional changes are: (1) A slight degree of 
hypomotility is noted in the distal half of the esoph- 
agus, where the greatest pathologic involvement 
occurs. (2) Peristaltic activity is diminished or ab- 
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sent depending on the severity of the process. (3) 
The flow of contrast material through the esophago- 
gastric junction is quite normal and regurgitation 
has not been found. (4) Localized irritability is ob- 
served at sites of superficial lesions. 

The morphologic appearance of the esophagus 
depends cn the stage of the illness. (1) Initially the 
lumen is narrowed by mucosal swelling and the 
pseudomembrane, which is usually diffuse and varies 
in length as well as thickness. Some widening of the 
esophageal lumen may be found in areas where the 
membrane has been sloughed off. If the patient re- 
covers, it 13 not unusual to see a shortening of the 
esophagus because of the fibrous strictures. (2) 
Multiple, amall and flat ulcers produce a spiked or 
saw-toothed appearance over a long stretch of the 
esophagus. Occasionally the indentations are deep 
and broad, since the size and form of the ulcers are 
variable. (2) The column of contrast material is non- 
homogenecus because of the nature and extent of the 
pathologic changes. The defects may be irregularly 
round, oval, polygonal, or map-like, especially in the 
lower half of the esophagus. (4) Extrinsic defects do 
not occur in this disease. ] 

The diffe-ential diagnosis includes: (1) Carcinoma: 
The narrowing or stenosis is asymmetric, theinvolved 
segment 1s short, multiple ulcers do not occur, the 
clinical cou-se, especially the onset of dysphagia, is 
not as rapid as in monilia. (2) Varices: Ulcers are not 
seen, the defects are smoother and more regular, the 
esophageal lumen is amply distended. (3) Sclero- 
derma: This condition does not produce ulcers, the 
variability :n the appearance of the esophagus is 
unlike moniliasis, (4) Actinomycosis, blastomycosis 
and lues ar» uncommon. (5) Lymphogranuloma is 
very rare. (6) Peptic ulcer is more circumscribed with 
the site of predilection at the supradiaphragmatic 
level or in the abdominal portion of the esophagus.— 
T. Zausner, M.D. 


ÁBDOMEN 


HitpEBRAND, H., and THomson, F. B. Stasis 
gastric vlcer: a complication of duodenal 
ulcer. Canad. M. A. F., April 11, 1964, 9o, 
915—919. (From: The Shaughnessy and 
Vancouver General Hospitals and the 
Faculty of Medicine, University of British 
Columbia, Vancouver, British. Columbia, 
Canada.) 


The authors review the etiology and the clinical 
manifestations of gastric ulcers secondary to stasis 
produced by a stenosing duodenal ulcer. Sixty cases 
in their persor.al experlence are summarized. 

Dragstedt has pointed out that gastric ulcers are 
usually associated with prolonged or excessive re- 
lease of gastrin from the antrum. This may be sec- 
ondary to pyloric obstruction or gastric atony after 
vagotomy. To support the role of stasis, in 70 to 80, 
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per cent of the patients with combined gastric and 
duodenal ulcers, the duodenal lesion preceded the 
gastric. Also, in most patients with the combined 
lesions, the duodenal ulcer is inactive, the gastric 
ulcer active. Bleeding is much more common from 
the stasis gastric ulcer than from the solitary ulcer. 
The mortality rate is significantly higher. 

The authors confirmed these findings in their 
study of 60 proven gastric ulcers associated with 
stasis. Their mortality rate was 6.6 per cent higher 
than in the solitary ulcer. Fifteen per cent required 
transfusions prior to surgery. The treatment of choice 
ig partial gastric resection with gastrojejunostomy. 

Although gastric retention was present in all the 
patients, it was demonstrable roentgenographically 
in only 35 per cent. The duodenal disease was re- 
ported roentgenographically in 83 per cent of the 
cases. The coexistent gastric ulcer was noted in only 
17 per cent. 

This article shows the inability of demonstrating 
retention using a barium meal. Also shown is the 
great difficulty of detecting a gastric ulcer in a pa- 
tient with coexistent duodenal disease and resultant 
stasis.—Barry E. Gerald, M.D. 


ROSENBERG, J. C. Gastroduodenal leiomyo- 
sarcomas: a report of the clinical, roent- 
genologic, and pathologic features of three 
surgical cases. 4m. 7. Digest Dis., Mar., 
1964, 9, 213-220. (Address: Department of 
Surgery, University of Kentucky Medical 
Center, Lexington, Ky.) 


To date, 71 cases of leiomyosarcoma have been re- 
ported occurring in the duodenum and approxi- 
mately 1,100 cases occurring in the stomach. The 
author adds an additional case arising from the 
duodenum and 2 arising from the stomach. 

The pathologic characteristics of leiomyosarcoma 
that most readily explain the patient's symptoms 
and determine the diagnostic features are as follows: 

Most of these tumors are exophytic (70 per cent) 
and enlarge in an extraluminal direction; frequently 
they wil outgrow their blood supply and undergo 
hemorrhagic necrosis, cystic degeneration and fistula 
formation; metastatic lesions usually occur late for 
most of these tumors are of low grade malignancy. 

Abdominal pain, bleeding and palpable mass are 
the most common symptoms and findings. 

Roentgenologically, the lesion may be recognized 
as a space-occupying mass covered with normal- 
appearing mucosa with an area of central ulceration. 
The lesions reported by the author occurring in the 
stomach meet these criteria. The duodenal lesion was 
not characteristic due to a previous gastric resection 
and extension of the mass to the colon.—George A. 
Miller, M.D. 


SKELETAL SYSTEM 


SCHWARTZ, Hanorp. Abraham Lincoln and the 
Marfan syndrome. F.4.M.4A., Feb. 15, 1964, 
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187, 473-479. (Address: 7507 Seville Avenue, 
Huntington Park, Calif.) 


The presence of Marfan’s syndrome was estab- 
lished by the author in a young male descendant of 
the Lincoln lineage. The common ancestor was found 
to be Mordecai Lincoln H, the great-great-grand- 
father of Abraham Lincoln. This discovery by the 
author led to extensive historical research into the 
physical attributes of Abraham Lincoln. 

It is the author's conclusion that evidence from 
photographs and contemporary physical descriptions 
combines to show that Abraham Lincoln did at least 
have arachnodactyly and possibly other character- 
istics of Marfan's syndrome. 

Five roentgenograms, I photograph, and a chart 
of the Lincoln pedigree as well as 6 case histories are 
included with the text.—Donald 8. Linton, Fr., M.D. 


Winer, Harvey I, and Finsy, NATHANIEL. 
Skeletal manifestations in the Marfan syn- 
drome. 7.4.M.A., Feb. 15, 1964, 787, 490- 
495. (Address: Dr. Finby, 421 W. 113th 
Street, New York 25, N. Y.) 


The Marfan syndrome is a familial syndrome in- 
herited as a mendelian dominant with no sexual pre- 
ponderance. It is a disease of connective tissue with 
the chief clinical significance in abnormalities of the 
ocular, cardiovascular and skeletal structures. The 
fully developed syndrome 1s recognized in a tall pa- 
tient with arachnodactyly, bilateral lens dislocation, 
and dissecting aneurysm of the aorta. 

In a group of 18 patients reported by the authors, 
the full spectrum of abnormality was present in only 
4. The skeletal abnormalities and body configuration 
were found not to be specific for the Marfan syn- 
drome, being found also in normal individuals and in 
patients with a variety of other diseases. Conse- 
quently, the authors have added a positive family 
history for the syndrome to the criteria of findings in 
the eye, cardiovascular system, and the skeletal sys- 
tem. Patients must have findings in 2 of these 4 areas 
for a diagnosis of Marfan's syndrome. 

Ocular manifestations include congenital disloca- 
tion of the lens usually bilateral and found in almost 
40 per cent of patients, and myopia. Cardiovascular 
manifestations are reported in 30 per cent to 60 per 
cent of patients. The most common involvement is 
seen in the aorta as cystic and mucinous degeneration 
of the media resulting in dilatation and aneurysm of 
the aorta. 

Skeletal manifestations include elongation of the 
distal extremities, particularly arachnodactyly. 
Other findings may be joint hyperextensibility, high- 
arched palate, and sternal deformity. Longitudinal 
striation or streaking occurs in the region of the 
metaphysis of the long bones. Large paranasal 
sinuses, widening of the spinal canal, concavity of 
the posterior margins of the lumbar vertebrae, and 
tal vertebral bodies are other frequent roentgeno- 
graphic findings. The authors caution against using 


Vor. 93, No. 1 


arachnodactyly synonymously with the Marfan syn- 
drome.—Donald S. Linton, Fr., M.D. 


ScuwanTZ, Davip T., and ALPERT, MEYER. 
The malignant transformation of fibrous 
dysplasia. 4m. F. M. Sc., Jan., 1964, 247, 
1-20. (From: Radiological Service of the 
Presbyterian Hospital, New York, N.Y., and 
the Department of Radiology, College of 
Physicians and Surgeons, Columbia Univer- 


sity, New York, N.Y.) 


In a review of the world literature, 26 cases ac- 
ceptable to the authors were found in which fibrous 
dysplasia of bone degenerated to bone sarcoma. They 
add 2 cases from the Columbia-Presbyterian Med- 
ical Center. 

The mean age of onset of the fibrous dysplasia was 
16 years and the interval between the dysplasia and 
sarcoma was 2 to 30 years (mean 13.5 years). There 
was a slightly greater incidence of transformation in 
the polyostotic form. 

Radiation therapy for the dysplasia was known to 
have been given to 11 patients while 16 patients re- 
ceived no irradiation. 

The authors conclude that irradiation was not a 
significant factor in the production of the sarcoma; 
however, they do not recommend it because it may 
enhance the natural tendency of fibrous dysplasia to 
undergo malignant change. 

A malignant transformation rate of about 0.5 per 
cent is calculated for fibrous dysplasia, which is about 
400 times the spontaneous rate of bone sarcoma. 
Survival after treatment is about the same as in the 
primary form—-14 per cent survive 5 years.—H. 7. 
Klos, M.D. 


MNAYMNEH, WariD A., Duprey, H. ROBERT, 
and MNaYMNEH, GHANDUR. Giant-cell tu- 
mor of bone: an analysis and follow-up 
study of the forty-one cases observed at the 
Massachusetts General Hospital between 
1925 and 1960. F. Bone & Joint Surg., Jan., 
1964, 46-4, 63—75. (From: Orthopedic Sur- 
gical Service and the James Homer Wright 
Pathology Laboratories of the Massachu- 
setts General Hospital and the Department 
of Pathology, Harvard Medical School, 
Boston, Mass.) 


Forty-one giant-cell tumors of bone observed at 
the Massachusetts General Hospital between 1925 
and 1960 included 31 histologically Grade 1 and Io 
Grade u tumors. The most prevalent age was in the 
second and third decades, and females outnumbered 
males 2 to 1. The tumors most often occurred about 
the knee, but the second most common site was the 
sacrum. Other peripheral bones as well as vertebrae 
were involved occasionally. Most patients com- 
plained of pain, while a few had local swelling or 
pathologic fracture. 
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The typical roentgenographic appearance was an 
expanded radiolucent eccentrically placed epiphyseal 
lesion without reactive sclerosis or periosteal dis- 
turbance. Sacral tumors always appeared destruc- 
tive. 

Invasion of cortex, soft tissue, or blood vessels did 
not predispose to recurrence, and there was little 
tendency for these tumors to become more anaplastic 
when they recurred. The recurrence rate for Grade 1 
tumors was 48 per cent, and for Grade 11 tumors, 70 
per cent. Jest results followed total excision when 
surgically feasible. Radiation therapy alone or 
combined with curettage or partial excision produced 
markedly inferior results in this series. About 10 per 
cent of tumors underwent malignant fibrosarcoma- 
tous degeneration, this occurring three times oftener 
in Grade 11 tumors. The poorest prognosis was in 
sacral tumors.—Arch H. Hall, M.D. 


PHELAN, JOHN T., and CABRERA, AURELIO. 
Osteosarcoma of bone. Surg., Gynec. ES 
Obst., Feb. 1964, 778, 330-336. (From: 
Departments of Surgery and Pathology, 
Roswell Park Memorial Institute, and New 
York State Department of Health, Buffalo, 
N.Y.) 


The authors review 50 cases of osteosarcoma se- 
lected on the basis of availability of clinical studies 
and completeness of follow-up. Extra-osseous, skull 
and facial osteosarcomas are excluded. 

Most of the lesions were in the lower extremities, 
especially the femurs. 

In 2 cases the sarcoma arose in Paget’s disease of 
bone and :n 2 others it was found in previously 
irradiated bone (over 3,000 rads). 

Surgical amputation or excision was the principal 
method of therapy in 38 cases and 6 of the 7 five-year 
survivors were in this group, leading the authors to 
conclude that this is the treatment of choice. Of the 
12 patients receiving roentgen therapy as principal 
treatment, 1 survived 5 years. Dosage in 9 of these 
was over 5,000 rads. 

Chemotherapy, used mainly for control of metas- 
tases, seemed to be of little value. 

According to the authors, other investigators ad- 
vocating radiation therapy alone for osteosarcoma 
have included fibrosarcoma and chondrosarcoma 
which should be evaluated separately —-H. 7. Klos, 
M.D. 


Nag, A. E., Murrey, J. A., Srasney, R. J., 
NeviLLE, W. E., and CunENKAa, PauL. So- 
called adamantinoma of long bones: report 
of a case with massive pulmonary metastasis. 
F. Bone & Joint Surg., Jan., 1964, 46-4, 
151—158. (Address: Dr. A. F. Naji, 5163 
Broadway, Cleveland 27, Ohio.) 


Only 30 adequately documented cases of ada- 
mantinomain long bones have been reported. Most of 
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these occur in the tibia, and less than 5o per cent have 
a history of previous trauma. The roentgen features 
consist of cystic, multicystic, or honeycomb-like de- 
fects, bone expansion, cortical destruction and thin- 
ning, and occasionally periosteal erosion and soft tis- 
sue invasion. In spite of an often protracted history, 
the lesion is now known to be malignant, with 
lymph node, visceral and pulmonary metastases fre- 
quent. 

The authors report such a case with the tibial le- 
sion metastasizing massively to the lungs. These 
metastases revealed an exclusively sarcomatous pat- 
tern. The present trend of opinion concerning the 
histogenesis of these tumors is shifting toward a 
mesenchymal origin. The name “malignant angio- 
blastoma” has been suggested. The role of trauma in 
causation of this tumor is highly questionable.— 
Arch H. Hall, M.D. 


CHAWLA, S. Intrauterine osteogenesis imper- 
fecta in four siblings. Brit, M. F., Jan. 11, 
1964, I, 99-101. (From: Department of 
Radiology, Lady Hardinge Medical College 
and Hospital, New Delhi, India.) 


The hereditary aspects of osteogenesis imperfecta 
congenita are usually not considered important, 
whereas in the infantile and tarda type the disease 
definitely follows a dominant mendelian trait. Blue 
sclerae, frequent fractures, and deafness occur in 
that order of frequency in affected families of the in- 
fantile and late types, as a definite hereditary factor 
seen through several generations. The congenital 
variety 1s often found in children of parents who have 
no sign of disease. In the past it has been stated that 
the possibility of giving birth to a second affected 
child is almost negligible. 

In this report the author describes the disease in 4 
siblings, while there is no similar affection in the 
parents or relatives or in 3 other siblings. He be- 
lieves the view that the condition is not usually in- 
herited may. have to be modified —drch. H. Hail, 
M.D. 


ScHERR, Davip D. A severely deformed pa- 
tient with osteogenesis imperfecta at the age 
of fifty-four. F. Bone E Joint Surg., Jan., 
1964, 46-A, 159—160. (From: Department of 
Orthopedic Surgery, State University of 
Iowa Hospitals, Iowa City, Iowa.) 


A fantastically deformed gnomelike man, 3 feet 
2 inches tall, mentally bright and cheerful, and 
afflicted with osteogenesis imperfecta is described. 
His ability to walk, care for himself, and be a produc- 
tive member of society until age 53 seemed remark- 
able. i 

The author has reviewed the literature and has 
found several ‘instances where individuals with this 
condition have lived to 55, 68, and even 95 years of 
age with crippling deformities. It is inferred that un- 
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less complications in vital organs occur, the severe 
deformities of the skeletal system do not seriously re- 
duce the patient’s longevity, mental acuity, or pro- 
ductivity.—Arch H. Hall, M.D. 


GrirrirHs, D. Li, and Moyniuan, F. J. 
Multiple epiphysial injuries in babies ("bat- 
tered baby" syndrome). Brit. M. F. Dec. 
21, 1963, 2, 1658-1561. (Address: Dr. D. LI. 
Griffiths, Manchester University Depart- 
ment of Orthopaedic Surgery, Manchester, 
England.) 


The "battered baby" syndrome is not well known 
in England because it has been reported almost en- 
tirely in specialized journals and in America. Several 
cases are presented with many very fine illustrations 
of multiple epiphysial injuries. 

The authors discuss typical roentgenographic ap- 
pearances and point out that the diagnosis should be 
entertained even though the history cannot be ob- 
tained. It is considered the duty of the physician to 
call in civil authorities in such cases to prevent the 
return of children to parents who may eventually 
cause their death.—Richard E. Kinzer, M.D. 


Less, E., and Turner, J. W. Apren. Nat- 
ural history and prognosis of cervical 
spondylosis. Bri. M. J., Dec. 28, 1963, 2, 
1607-1610. (From: Department of Neurol- 
ogy, St. Bartholomew’s Hospital, London, 
England.) i 


Little has been written on the natural history of 
patients with cervical spondylosis although the con- 
dition has been clearly understood since-1948. Nat- 
ural history is important in reference to myelopathy 
and the study at hand deals with two groups of pa- 
tients seen at St. Bartholomew’s Hospital. Group 1 
consisted of 44 patients who had myelopathy when 
first seen and Group 2 consisted of 51 patients who 
had no signs of myelopathy when first seen. 

The pattern of disease in Group 1 is illustrated in 2 
graphs. Graph I refers to 22 patients who had symp- 
toms for more than 10 years and graph 2 shows the 
pattern of disease in 22 patients who had symptoms 
for 10 years or less. One can see at a glance that pa- 
tients having cervical spondylosis with myelopathy 
have long periods without new or worsening symp- 
toms. Only a few patients appeared to get worse 
gradually and had had difficulty during the entire life 
history of the disease. The degree of incapacity and 
disability varied widely and of the 10 who died while 
under observation, only 2 seemed to have died as a 
direct result of spinal cord affection. Eleven patients 
with myelopathy had no effective treatment, 28 were 
treated by collar support and 8 were treated sur- 
gically. Only 3 of the 8 treated surgically are listed as 
improved. 

The pattern of disease in the patients of group 2, 
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i.e. without myelopathy, showed several features of 
interest. None of the patients died of any condition 
associated with spondylosis. Wearing a collar may 
relieve symptoms, but any or no treatment at all will 
likely produce the same final result. Myelopathic 
symptoms did not develop in those cases which did 
not have myelopathy when first seen. 

The authors suggest that cervical laminectomy 
should be seldom used in the treatment of patients 
with spondylosis.— Richard E. Kinzer, M.D. 


WELLENS, P., and BAERT, A. A propos de la 
difficulté du diagnostic radiologique de 
certaines hernies intravertébrales. (The dif- 
ficulty of the radiological diagnosis of cer- 
tain intravertebral herniations.) 7. belge de 
radiol., 1963, 46, 333-345. (From: Cliniques 
Universitaires St-Raphaél, Louvain, Bel- 
gium.) 


The intravertebral herniation due to nucleus 
pulposus projecting into the body of the vertebra 
through the cartilaginous vertebral plate is usually 
found at the site of vascular scars of the embryonic 
notochord. Thus, a cartilaginous nodule of Schmorl is 
formed. Scheuermann's disease is an osteochondrosis 
at the secondary epiphyseal centers of ossifications of 
the bodies of vertebrae, provoking at times herni- 
ations of nucleus pulposus into the vertebral plates 
in these regions. This condition usually occurs in the 
dorsal vertebrae and is one of the causes of kyphosis. 
Rarely, Scheuermann's disease 1s noted 1n the upper 
lumbar vertebrae, in which case it becomes sympto- 
matic because of the postural stress on this portion of 
the spine. Marginal herniations near the anterior 
border of the affected vertebrae could be misinter- 
preted as fractures. 

Laminagraphic studies are strongly advised 
whether these lesions represent small or large de- 
fects. 

The authors present 4 symptomatic cases in which 
the localization was in the upper lumbar vertebrae; in 
I case there was histological confirmation of Scheuer- 
mann's disease.—Jirair N. Sarian, M.D. 


Burr, W. P. Lumbar discography. 7. Canad. A. 
Radiologists, Dec., 1963, 74, 172-181. (From: 
Sunnybrook Military Hospital, Toronto, 
Ontario, Canada.) 


Review of experience with diskography at Sunny- 
brook Military Hospital, and information gained 
from study of 1o intervertebral disks from fresh 
anatomic specimens are the basis for discussion of the 
indications, contraindications, interpretation, re- 
liability and complications of this procedure. In all, 
93 disks were injected in 42 patients. In no case was 
the examination carried out as a routine procedure, 
but was used because (1) the clinical picture was 
atypical, (2) the clinical and other investigations 
were inconclusive or contradictory, (3) multiple disks 
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were suspected but not demonstrated by myelogra- 
phy, and (4) assessment of the integrity of disks 
above or below a proposed site of local fusion was de- 
sired. 

Diskography 1s contraindicated in the presence of 
infection, and where massive disk herniation is sus- 
pected. 

Accuracy of interpretation is dependent upon care- 
ful assessment of 3 major findings of the procedure: 
(1) amount of opaque medium injected, (2) whether 
the patient's symptoms were reproduced, and (3) the 
appearance of the nucleus on the roentgenograms. 
Although almost all authors agree that the maximum 
quantity that can be injected into a normal disk is 
I.O cc., 2 of the 12 normal disks in this series had 
capacities of 3 cc. 

The normal adult nucleogram is classically de- 
scribed as collar button in appearance in all projec- 
tions, due to collections above and below the nucleus, 
between it and the vertebral body surfaces, and a 
central fissure connecting these. Muliple fissures in- 
dicate degeneration, as do Schmorl's nodes. Herni- 
ation is present when the opaque medium extends 
more than 2 mm. beyond the posterior surface of the 
vertebral body. This method never gives false nega- 
tive results. 

Published series indicate great variability in opin- 
ion concerning the accuracy of the different methods 
of examination. The authors feel that their series is 
too small for statistical significance, but believe that 
an understanding of the merits and failures of clin- 
ical, myelographic, and diskographic methods would 
permit optimum use of each. They feel that dis- 
kography is a complementary procedure of value. The 
complications are few; only 1 case of cauda equina 
syndrome has been reported, and occasionally in- 
flammatory destruction and pyogenic infection of the 
disk have occurred. Serious complications were re- 
ported in from .5 to 1.0 per cent of cases.— 
Lois Cowan Collins, M.D. 


RADIATION THERAPY 


FERGUSON, Georce B. (Durham, N. C.) High 
voltage radiation: an adjunct to surgery in 
large extrinsic malignancies of the larynx. 
South M. F., Feb:, 1964, 57, 135-138. 


Combined supervoltage radiation therapy fol- 
lowed in 3 to 6 weeks by radical surgical removal is 
detailed as a promising treatment for advanced 
cancer of the extrinsic larynx. Seven cases, all with 
spread to at least one pyriform sinus, were given pre- 
operative radiation in amounts of 4,450 to 6,000. 
r (Co9) over a period of’ 30-38 days. Laryngo- 
pharyngectomy followed in every case; 5 included 
radical neck dissection on one side. One patient re- 
ceived 5,400 r postoperatively (Cs?) during a 3 week 
period. The interval between radiation therapy and 
surgery was 3 to 6 weeks and the clinical follow-up 
after 14 to 2 years fails as yet to reveal recurrence 
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Previous reports of combined radiation therapy 
and radical surgery for such cases are quoted. In 
these, a high rate of surgical complications was noted 
when the preoperative radiation dose approached the 
so-called cancerocidal level. The present author sug- 
gests that the small number of cases here precludes 
meaningful statistics but does venture the hope that 
with lower initial roentgen doses and earlier opera- 
tion, followed by postoperative irradiation in many 
cases, the “gloomy figures of cure rate" that are pres- 
ently obtained may be modified —Newell Richard- 
son, M.D. 


WoeEBER, KARLHEINZ, and STEIN, GUNTER. 
Ergebnisse bei kombinierter Rontgen- und 
Ultraschallbehandlung bésartiger Hauttu- 
moren. (Results of treating malignant skin 
tumors with combined roentgen radiation 
and ultrasound.) Strahlentherapie, Oct., 1963, 
122, 285-289. (From: Universitatsklinik 
für Hautkrankheiten, Bonn, Germany.) 


Fifty-four patients with malignant skin tumors 
(mainly squamous and basal cell carcinoma, the 
majority histologically verified) were observed after 
their tumors had been treated with combined ultra- 
sound and contact roentgen radiation. 

The authors conclude that this combination per- 
mits a one-third reduction of the roentgen dose to 
achieve the same biologic effect on the tumor as 
roentgen radiation alone.—Henry G. Moehring, M.D. 


Kutric, HELMUT, and Brauticam, HILDE- 
GARD. Die Siebbestrahlung in der Tele- 
caesiumtherapie. (Grid irradiation in tele- 
cesium therapy.) Strahlentherapie, Oct., 1963, 
122, 166—173. (From: Czerny-Krankenhaus 
für Strahlenbehandlung der Universitat Hei- 
delberg, Germany.) 


The ratio of minimum to maximum doses (;.e., be- 
tween, and under, the centers of openings in the grid) 
with cesium 137 radiation was 1:2.08 at a IO cm. 
depth; 1:1.63 at a 15 cm. depth; and 1:1.42 at 20 
cm. depth. The lead grid was 3 cm. thick, the holes 
were II mm. in diameter bored to focus on the 3.2 
cm. cesium source with 15 mm. between their 
centers. The 2,000 curie source was $o cm. from the 
plexiglass phantom and radiation intensities were 
gauged by film blackening. The considerable surface 
dose from secondary electrons from the grid was ma- 
terially reduced by a 2 cm. plexiglass filter. —ZTenry G. 
Moehring, M.D. 


Pert, Joun I. Intraluminal beta irradiation in 
leukoplakia constricting the male urethra. 
F. Urol., Jan., 1964, 97, 76-78. (From: Nel- 
son M. Percy Medical Research Institute of 

the Augustana Hospital, Chicago, Ill.) 
This paper presents a case of leukoplakia of the 
male urethra which was causing constriction and 
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which was successfully treated by beta irradiation. 
Leukoplakic lesions in the urinary tract must be re- 
garded as precancerous, since approximately 6 to 20 
per cent of these lesions undergo malignant degener- 
ation. The leukoplakia in the urethra seems to be pre- 
ceded by chronic infection and is accompanied by 
meatal stricture. Microscopic examination of the 
biopsy material is necessary for definitive diagnosis. 
Treatment of the accompanying chronic infection has 
had no effect on the leukokeratotic plaques. The co- 
existing meatal strictures have been treated with 
urethral dilatations and meatotomy; however, due 
to the subsequent fibroblastic proliferation the 
meatotomy scar contracts and the strictures recur in 
most instances. 

The intraurethral device used in this particular in- 
stance consisted of a length of No. 205 polyethylene 
tubing with an 8-cm.-long radioactive chromic phos- 
phate-impregnated silk pulled into its lumen. The iso- 
tope containing segment (3 uc/cm.) was inserted into 
the distal 4 cm. of the urethra. The initial application 
totalled 44 hours (1,056 microcurie hours). When 
during follow-up examination it was evident that the 
leukokeratotic lesions had decreased in size and 
thickness, an additional 1,070 microcurie hours was 
given 1 month later followed by a third application of 
2,200 m:crocurie hours 5 months later. A fourth ap- 
plication of 3,350 microcurie hours was given 7 
months after the initial treatment. A total of 7,676 
microcurie hours of beta irradiation was thus de- 
livered to the distal 4 cm. of the urethra. Presently, 
there is no induration along the urethra, the meatus 
remains patent, and there is no visible evidence of 
leukoplakia in the urethra. 

The author states that the beta particles, after 
traversing the polyethylene tubing, penetrate only 
another I to 1.5 mm. into the mucosa of the urethra 
so that the therapy does not affect the deeper peri- 
urethra! structures. It is felt that the inhibition ot 
fibroblastic proliferation by the beta irradiation is of 
singular importance in the successful results obtained 
from this treatment method.—George W. Chamber- 
lin, M.D. 


FaLeur, Q., and Prerorm, P. Frattura bila- 
terale del collo del femore conseguente a 
telecobaltoterapia della pelvi. (Bilateral frac- 
ture of the neck of the femur secondary to 
telecobaltherapy of the pelvis.) Radiol. med., 
Oct., 1963, 49, 847-863. (Address: Dott. 
Quintino Falchi, Via Sturla, 22/18, Genova, 
Italy.) 


Pathologic fractures of the neck of the femur 
secondary to radiation therapy for malignant lesions 
of the pelvic organs and in which the pelvic bones 
and hips were included in the fields of treatment, are 
not rare complications. 

Although these pathologic fractures of the neck of 
the femur have been widely discussed in the Amer- 
ican and English literature, this seems to be the first 
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case published in the Italian medical literature. 

The patient, a male of 36 years of age, was oper- 
ated on for sarcoma arising in the retroperitoneal 
space, in the lower pelvis. He was secondarily 
treated by cobalt 60 teletherapy with a tumor dose of 
6,000 r delivered in 45 days through 4 oblique fields 
converging to the site of the lesion. After 5 months, 
he was once more irradiated. This treatment lasted 
56 days with a tumor dose of 6,000 r. 

Nine months from the end of the first treatment 
and 3 months from the end of the second, the pa- 
tient developed symptoms of lumbago and pain in 
the right hip; some limping was also present. Roent- 
gen studies of the lumbar spine and of the right hip 
were negative. A few months later, due to the per- 
sisting symptomatology, the patient was again re- 
admitted, and at that time roentgenograms of the 
pelvic bones showed a pathologic fracture of the neck 
of the right femur. He refused any treatment and 
was put in a plaster cast and discharged. 

Thirty-four months from the first admission for 
treatment, the patient was once more admitted to 
the hospital because of local recurrence. Roentgen 
studies of the pelvic bones demonstrated a complete 
healing of the fracture of the right femoral neck and 
also revealed a similar fracture of the left femoral 
neck which also healed spontaneously. Osteolytic 
lesions were present in the ischiatic and pubic 
branches of the pelvis. A diffuse demineralization 
was noted in the bones of the lower limbs. Survey of 
other skeletal parts was negative. 

From analysis of the isodose curves of the two 
treatments, it appears that the head of the femur re- 
ceived about 12,000 r and the neck about 8,000 r. 
The dosage thus was quite high. 

It is suggested that in planning radiation therapy 
to the pelvic organs, particular attention should be 
paid to the possibility of producing secondary patho- 
logic changes in the neck of the femora when in- 
cluded in the direct beam of irradiation.—/f. F, 
Govont, M.D. 


HoHENFELLNER, Ruporr, and WEGHAUPT, 
Karv. Urologische Komplikationen als Be- 
strahlungsfolge des Kollumkarzinoms. (Uro- 
logic complications following irradiation of 
carcinoma of the uterine cervix.) S/raAlen- 
therapie, Nov., 1963, 122, 362—372. (From: 
Urologische Klinik und I. Frauenklinik der 
Universitat, Wien, Vienna, Austria.) 


This paper is a closely packed summary of at least 
I1 years of experience with urologic complications in 
the treatment of 1,155 patients with carcinoma of 
the uterine cervix. Additive summary of the many 
combinations of circumstances is hardly possible. 
Some of the broader conclusions are: 

Radiation therapy following radical abdominal 
operation for carcinoma of the cervix should be un- 
dertaken only after the patient is free of any evi- 
dence of urinary tract infection and the bladder is 
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free of residual urine. During irradiation, frequent 
re-examination 1s necessary so that treatment may be 
interrupted if evidence of infection or residual urine 
appears. Resection of the bladder neck can render the 
patient free of residual urine. 

The occurrence of impaired drainage from a kidney 
with evidence of infection calls for early, and pro- 
longed, drainage via ureteral catheter or for neph- 
rostomy. 

The late radiation ulcer of the urinary bladder can 
be successfully treated by curettage under trans- 
urethral vision; the “radical” removal of the non- 
specific granulation tissue is necessary—Henry G. 
Moehring, M.D. 


RADIOISOTOPES 


McApams, Gerorce B. and REINFRANK, 
Rares F. Resin sponge modification of the 
I! T3 test. Y. Nuclear Med., Feb., 1964, 5, 
112-118. (From: Departments of Pathology 
and Medicine, Hartford Hospital, Hartford, 
Conn.) 


The erythrocyte uptake of I™ triiodothyronine has 
been in use as a laboratory test of thyroid function: 
since 1957. Mitchell and Scholer developed a method 
using a strongly basic ion exchange resin labeled 
with I! T5, instead of erythrocytes, as the compet- 
ing medium for the added I" T4. The plasma radio- 
activity is related to the total tube radioactivity and 
the "thyro-binding" index is calculated by compar- 
ing results with those of a standard pooled plasma de- 
termined at the same time. The use of the resin 
eliminates some of the problems and errors that are 
associated with the erythrocyte I9! T3 uptake study 
such as: hematocrit difference, hemolysis, storage of 
test samples and lack of a satisfactory pool control. 
Mitchell, in 1960, developed a resin sponge using 
polyurethane foam and Amberlite IRA-400 as the 
resin. The resin sponge is now available in the 
Abbott Trisorb T3 Diagnostic Kit. The diagnostic 
kit was used in this study and Mitchell's method was 
followed. 

The normal range for the resin sponge uptake was 
established at 25-35 per cent. A series of 274 pa- 
tients was studied. The status of thyroid function was 
assessed clinically and at least by two of the following 
standard diagnostic procedures: serum protein- 
bound iodine; thyroidal uptake of I"; BMR; or 
Achilles’ tendon half-relaxation time. The erythro- 
cyte uptake of J“ T3 was done in 122 non-pregnant 
subjects and the resin sponge T3 uptake was done in 
123 additional non-pregnant subjects, and the two 
groups were compared. Twenty-nine pregnant sub- 
jects were also examined. 

The mean resin sponge uptake values of I!5 T3 
were: 30.9 per cent (range 25.5—37.5 per cent) in 75 
euthyroid non-pregnant cases; 47.1 per cent (range 
32.8—69.5 per cent) in 29 hyperthyroid cases; 26.6 
per cent (range 22.7—36.0 per cent) in 19 hypothyroid 
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cases; and 21.4 per cent in 29 pregnant women during 
the first and second trimesters. 

The resin sponge technique was found to be supe- 
rior to the erythrocyte method for. performing the 
T: T3 test regarding simplicity, convenience and the 
elimination of errors associated with the erythrocyte 
method. The percentage accuracy for the resin 
sponge test was slightly less than that of the erythro- 
cyte method in euthyroid cases but was better than 
the erythrocyte method in discriminating between 
euthyroid and hyperthyroid cases. There was an im- 
proved discrimination between hypothyroid and 
euthyroid cases using the resin sponge technique but 
the accuracy percentage remained poor as 63 per cent 
of the resin uptake values were in the normal range. A 
definite low uptake value in the non-pregnant cases 
has diagnostic significance but a normal value does 
not rule out hypothyroidism. The resin sponge I!* 
T3 uptake study was not recommended as a screen- 
ing procedure for hypothyroidism.—CAaries W. 
Cooley, M.D. 


SKLAROFF, Davin M., Cuarxes, N. Davin, 
and Morse, Drypen. Measurement of 
pericardial fluid correlated with the T- 
cholografin and IHSA heart scan. 7. Nuclear 
Med., Feb., 1964, 5, 101-111. (From: De- 
partments of Radiology and Thoracic Sur- 
gery, Albert Einstein Medical Center, North- 
ern Division, Philadelphia, Pa.) 


Radioisotope heart scans and roentgen cardiac 
silhouettes were studied in 37 cardiac cases to estab- 
lish criteria for determining the amount of peri- 
cardial fluid. Pericardial aspiration was done in 23 
operated cases, postmortem pericardial aspiration in 
6 cases, and diagnostic pericardiocentesis in § cases. 
Three cases with massive pericardial effusion were in- 
cluded in the study without the amount of fluid being 
determined. 

The authors' technique consisted of injecting intra- 
venously 4-6 uc/kg. of IP-HSA (14 cases) and more 
recently 3-7 uc/kg. of I™'-cholografin (23 cases). The 
polygonal cells of the liver extract the cholografin 
and 10-15 per cent is in the liver in 40 to 60 minutes. 
The scan is started 15 minutes after the injection. 
Six-foot anteroposterior roentgenograms of the chest 
are made and the photoscan is superimposed over the 
chest roentgenograms. The greatest transverse 
cardiac diameters are measured on the scan and the 
roentgenograms and the ratio of the scan diameter 
divided by the roentgen diameter is then determined. 

Thirteen of the 37 cases had pericardial effusions of 
200 cc. or more. The other cases also had severe 
cardiac disability with hypertrophy and/or dilata- 
tion and had less than 100 cc. of pericardial fluid. 
The cases with less than 100 cc. of pericardial fluid 
showed a mean difference between the greatest 
transverse cardiac diameter on the scan and the 
roentgenogram of 2.1 cm. and always less than 3.5 
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cm. The ratio between the two diameters was always 
greater than 0:80 (mean 0.85). The cases with peri- 
cardial effusions of 200 cc. or more showed a differ- 
ence greater than 4.5 cm. between the two diameters. 
The ratio of the diameters was less than 0.80 (mean 
0.69). 

The diagnosis of pericardial effusions by isotope 
scanning depends on the cardiac size with effusions 
between 200 and 300 cc. Pericardial effusions can be 
diagnosed in the presence of cardiac hypertrophy 
and/or dilatation. Marked roentgen cardiac enlarge- 
ment w:th a normal scan is not always pathogno- 
monic of pericardial effusion as space occupying lesions 
of the pericardium (such as lipomas, cysts and cardiac 
amyloidosis) may produce false positive heart scans. 
The ratio between the greatest transverse cardiac 
diameters on the scan and roentgenograms was 
found to be the most reliable parameter of diagnosing 
pericardial effusions. The ratio was greater than 
0.80 with effusions of less than 100 cc. and was less 
than 0.80 with effusions greater than 200 cc. The 
visible separation of the cardiac blood pool from the 
pulmonary vasculature and the liver aids in the diag- 
nosis.--Charles W. Cooley, M.D. 


RosENTHaLL, Leonard. Detection of peri- 
cardial effusion by radioisotope heart scan- 
ning. Canad. M. A. J., Feb. 15, 1964, 9o, 
447—451. (From: Department of Radiology, 
The Montreal General Hospital, Montreal, 
Quebec, Canada.) 


Radioisotope heart scanning can be used to detect 
the presence of a pericardial effusion, thickening of 
the pericardium or myocardial hypertrophy as dem- 
onstrated by a definite difference in size of the heart 
scan and the cardiac silhouette on the chest roent- 
genogram. The distance between the heart and the 
liver is increased in pericardial effusion as the fluid 
accumulates in the inferior portion of the pericardial 
sac. [HSA has been used to demonstrate the car- 
diac blood pool and colloidal Au!** to outline the 
liver. P?-cholografin has been used to demonstrate 
both the cardiac blood pool and the liver. 

The author's technique consisted of injecting 400 
uc of IS-HSA and 40-50 uc of colloidal Aut?! intra- 
venously. The patient was placed supine under the 
automatic scintillation scanner. The scanning was 
started at the sternal notch and was terminated when 
the liver was demonstrated. A 6-foot supine chest 
roentgenogram was made and the two studies were 
compared. 

Eighty heart scans were done using the above 
method. There was only one false positive case among 
the patients who underwent an operation, angio- 
cardiography, pericardiocentesis or necropsy. The 
above case had a marked thickening or hypertrophy 
of the myocardium. Pleural effusion did not alter the 
distance between the heart and the liver. Examples 
of pericardial effusion, pericardial thickening, car- 
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diomegaly, pleural effusion, and the false positive 
case of myocardial hypertrophy are presented. 

The advantages of this technique are: it can be 
done in a relatively short time; it is an innocuous pro- 
cedure; and it can be done by a technician except for 
the injection.— CAarles W. Cooley, M.D. 


Gouin, Frank F., Sims, J. LeRoy, and 
CAMERON, JOHN R. Liver scanning and liver 
function tests: a comparative study. 
J.AM.A., jan. 11, 1964, 7287, 111-116. 
(Address: Dr. Frank F. Gollin, 1300 Uni- 
versity Ávenue, Madison 6, Wis.) 


Liver scanning using either Au!’ or I Jabeled rose 
bengal was carried out with 380 scans on 357 pa- 
tients. Most patients had proven primary neoplasms 
with liver metastasis suspected. Standard liver func- 
tion tests were performed for comparison of the 
information obtained by all methods. Scanning 
proved to be more accurate than the other eleven 
tests in 101 proven cases of localized liver disease. 

The authors conclude that scanning is a highly 
reliable aid in detection of localized liver disease and 
superior to most other liver function tests. In diffuse 
liver disease, however, scanning is a much less sensi- 
tive procedure than other commonly employed liver 
function tests.—David C. Alftine, M.D. 


Hirn, J. M., Lors, ELLEN, and Speer, R. J. 
Colloidal zirconyl phosphate P% in the 
treatment of chronic leukemia and lympho- 
mas. 7.4.M.24., Jan. 11, 1964, 787, 106-110. 
(Address: Dr. J. M. Hill, 3600 Gaston Ave- 
nue, Dallas 10, Texas.) 


Colloidal zirconyl phosphate Pt is superior to the 
ionic phosphorus because the latter is deposited 
chiefly in bones through metabolic concentration. 
The colloidal form, however, is distributed through 
the reticuloendothelial system, where it delivers a 
prolonged and heavy beta irradiation in the liver, 
spleen, lymph nodes, and bone marrow. 

A total of 179 patients with chronic leukemia and 
lymphoma was treated with zirconyl phosphate dur- 
ing the period of August, 1956, to March, 1962. 
Slightly less than 0.1 mc/kg. of body weight was 
given initially, with subsequent doses as indicated 
by blood cell counts at approximately 3 week inter- 
vals. 

Treatments were given only on the basis of clinical 
manifestations of the systemic disease. Other specific 
agents were used when resistance to isotope therapy 
developed. 

This study shows prolonged survival times in 179 
patients who were treated primarily with zirconyl 
P. [n chronic lymphocytic leukemia, a group of 97 
patients with a median survival of 93.6 months is ap- 
parently the longest yet reported. Of special interest 
were 15 patients receiving no specific treatment other 
than colloidal zirconyl P® isotope therapy who had 
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the longest median survival of all groups.— DaviZ 
C. Alftine, M.D. 


MISCELLANEOUS 


MarHÉ, Greorces. The treatment of acciden- 
tally irradiated persons. Clin. Radiol., Jan., 
1964, 75, 14-29. (From: Centre de 
Recherches Cancérologiques et Radiopatho- 
logiques de l'Association Claude-Bernard, 
Hópital Saint-Louis, Paris and Service 
d'Hématologie à l'Institut Gustave-Roussy, 
Villejuif, Seine, France.) 


In 1958, the author and several colleagues fol- 
lowed and treated 6 accidentally irradiated persons, 
5 of whom were believed to have been irradiated with 
high doses of gamma rays and neutrons. After first 
trying the recognized conventional symptomatic 
treatment, the patients were transfused with allo- 
geneic bone marrow. After a few days there was evi- 
dence of restoration of myeloid tissue, and in 4 there 
was improvement in the general health. The fifth pa- 
tient died in an anuric state complicated by in- 
testinal intussusception. The estimated total dose of 
whole body radiation varied from 300-500 rem, 
up to 1,000-1,200 rem, with an estimated average 
dose of 683 rem. 

The hematologic effects were similar to those fol- 
lowing planned total body irradiation of 400 rads 
with gamma rays. The histologic lesions seen in the 
man who died were more marked than in those pa- 
tients given 800 and 850 rads. The clinical symptoms 
were as severe as those found in patients given 850 
rads. 

A study of 133 patients irradiated for various con- 
ditions (cancer, leukemia, glomerular nephropathy, 
and irradiation for renal transplants) indicates that 
400 rads can perhaps be considered the LDg for 
man. The mortality at 500 rads is in the region of go 
per cent. 

The author speculates as to the mechanism of ac- 
tion of transfused allogeneic bone marrow. Transfu- 
sion of bone marrow acted as an actual graft in which 
the introduced cells are accepted by the experi- 
mental animal. This is indicated: (1) by the leuko- 
cytes produced after transfusion from a female donor 
to a male recipient, reaching in the circulation a per- 
centage similar to that found in the female, (2) by a 
progressive increase in the number of erythrocytes 
from the graft bearing the donor antigens during 3 
weeks. It is, therefore, concluded that transfusion of 
bone marrow 1s followed by functional activity in the 
graft for 3 weeks. 

The current practice in therapy of accidental total 
body irradiation is based upon symptomatic treat- 
ment at first, and bone marrow transfusion when 
this first line of treatment fails. Three points are 
especially stressed: (1) the use of platelet transfu- 
sions; (2) maintenance of the patient in aseptic con- 
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ditions; and (3) due care in the use of antibiotics. 
Allogeneic bone marrow transfusions should be re- 
served for patients who do not respond satisfactorily 
to the symptomatic treatment.—Samuel G. Hender- 
son, M.D. 


Kay, H. E. M. The value of bone marrow 
transplantation for acute accidental irradia- 
tion injury. Clin. Radiol, Jan., 1964, 75, 
41—43. (From: Royal Marsden Hospital and 
Institute of Cancer Research, Fulham Road, 
London, S.W. 5, England.) 


In the management of radiation casualties, there 
has been fairly general agreement on-the major prin- 
ciples of treatment, but not on the employment of 
marrow transplantation. 

The author discusses when to give marrow; what to 
give; how much, how and with what precautions; or 
whether to give it at all. 

Nothing is lost in the time table of cellular regen- 
eration if a graft is given late, rather than early. 
There is evidence that mortality ‘caused by marrow 
allografts is reduced by a delay in administration. 
Hence, a later graft is safer. The most we should aim 
at is a temporary “take,” the marrow being ad- 
ministered not less than 2 weeks after the irradia- 
tion. Itis only safe to give a marrow transplant if the 
recipient has no "strong" antigens not possessed by 
the donor. There is a choice of aspirated bone mar- 
row from single or multiple donors, rib marrow re- 
moved by surgery, fetal cells or stored cadaver mar- 
row. Surgically excised rib marrow is the best source 
of safe and effective cells, that obtained from one or 
two ribs being sufficient to speed recovery. 

The optimal dose of marrow injected is up to 20 
X 10? cells, less than 10° cells being too little to be of 
value. As to whether to give bone marrow trans- 
fusion depends on circumstances, 7.e., the predicted 
course of the postirradiation syndrome, the availabil- 
ity of suitable donors, and the alternate modes of 
treatment.—Samuel G. Henderson, M.D. 


Sweet, R. D. The treatment of acute local 
radiation injuries. Clin. Radiol., Jan., 1964, 
I5, 55-58. (Address: Consultant Dermatol- 
ogist, South Devon and East Cornwall 
Hospital, Plymouth, England.) 


An account is given of 11 patients who received 
local x-ray injuries as a result of ṣo kv. being used in 
error instead of 10 kv. through a 0.05 mm. aluminum 
filter at a focus skin distance of 14.2 cm. The pre- 
scribed dose was 100 r on the skin surface, while the 
actually delivered dose was 6,450 r. Severe but rela- 
tively superficial "burns" were produced. 

Erythema was the first and also the most variable 
sign. The pain increased rapidly in severity and the 
“burned” parts began to swell, in most cases by the 
oth day. Blistering commenced about the r4th day 
and in the next week the entire "burned epidermis 
was shed." By the end of the 3rd week, the "burns" 
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seemed superficially to be eomplete. The denuded 
surface was quite dry and it had a curious brick red 
color. No exudation occurred and no granulation 
tissue appeared. There was no bleeding except from 
the immediate vicinity of the healing edges. All the 
patients who had the whole of one aspect of one hand 
burned had a marked leukocytosis. The highest 
white blood cell count was 36,000. This leukocytosis 
commenced about the 12th day, reached its peak by 
about 5 weeks and disappeared by about 2 months 


after the "burns" were sustained. 


Healing commenced around the edges at about the 
21st day in each case. It proceeded rapidly at first, 
but ever more slowly as. time went on. On the backs 
of the hands, raw squares still remained in several 
cases ; months after the accident. 

All the patients with "burned" hands were given 
large doses of prednisolone in the hope that this 
might reduce the likelihood of deep dermal necrosis. 
The earliest a patient started prednisolone was on the 
Ioth and the latest on the 14th day. Before blistering 
appeared a 2.5 per cent hydrocortisone cream was ap- 
plied. This had no apparent effect. Once the surfaces 
had broken, a proprietary ointment (Terracortrill 
Pfizer) was used instead. The “burns” were left ex- 
posed and the patients were encouraged to use their 
hands and fingers as much as possible. Pain lessened 
rapidly and soon ceased altogether, as long as a coat- 
ing of ointment was present. No systemic anti- 
biotics were given. No infection occurred. Sections 
made from the "burn" excised from the calf on the 
21st day showed that epidermal destruction was com- 
plete but full dermal destruction did not result, and 
thus the rationale for giving prednisolone was not 
upheld. The author believes that prednisolone did not 
have any beneficial long-term effect on tissue reac- 
tions which would otherwise lead to development of 
a subsequent chronic radiodermatitis. It clearly did 
not prevent fibrosis or gross diminution of local blood 
supply. 

The place of surgery in the treatment of these 
cases has caused concern throughout. Of the 15 in- 
dividual hands or parts of hands “burned,” 6 have 
already needed grafting and so have the only toe 
and forearm. The areas which healed in the first 3 
months have remained relatively stable, although 
they now show the typical atrophy and telangi- 
ectasia of chronic radiodermatitis. Areas which 
healed after 3 months are much less satisfactory and 
one hy one are beginning to break down and require 
grafting. It would seem that a rough and ready rule 
when considering surgery in such cases would be: at 
once if movement is unimportant and there is ample 
subcutaneous tissue; at once if full thickness skin loss 
occurs; and any time if healing is not complete in 
about 3 months. 

The author concludes that prednisolone in large 
doses by mouth during the acute stages probably 
lessens pain and restores function, but that it isun- 
likely to have any long-term benefit-—Samuel G. 
Henderson, M.D. 
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> Gives a smooth, even 
coating to the stomach, 
small bowel, and colon. 


> Will not dry or "flake" 
in the colon for an 
hour or more allowing 
re-examination on 
same visit. 

> Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

» Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 

> Remarkable ability to 
overcome pylorospasm. 


Lafayette Pharmacal, Inc. 
Lafayette, Ind. y.26 


. Please send me a free sample of 
Intropaque. 
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Now, TV Fluoroscopy convenience at the cost of mirror viewing 


TELECON—Specifically designed for daily routine fluoroscopy. 
This new concept of fluoroscopy consists of a high gain (6 or 7 
inch) image intensifier with a high-quality vidicon camera cou- 
pled direct to the output phosphor. Fluoroscope with TV conveni- 
ence in a lighted room. Saves time, no dark adaptation required. 
TV monitors 8, 14, 17, 21, 24, and 27 inch sizes can be used in 


any number of locations: Kinescope or videotape recording can 
easily be added. Routine spotfilm radiographs are done with 
the.famous side-loading Nassau spotfilm device. Here, for the 
first time, is a new low-cost TV fluoroscopy system. Quality con: 
trolled reliability you can depend on. Write for brochure. West- 
inghouse Electric Corp., 2519 Wilkens Ave., Baltimore, Md. 21203. 


You can be sure if it's Westinghouse 


GBEeece 


doesn't it make sense 

to select a supplier 
whose line of generators 
is broad enough 

to include one 

which fits your needs 
precisely? 


Profexray offers 

a complete line 

of six different generators, 
to satisfy a broad variety 
of radiological needs— 
from the busiest 
radiologist's office 

to the heaviest work loads 
in the largest hospitals. 


from 100 MA to 900 MA 
from 1/30-sec. to 1/360-sec. 
from 100 KVP to 150 KVP 


Profexray, Incorporated 
1401 North First Avenue 
Maywood, Illinois 
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TYPE N for use with intensifying screens 


Speed: fast 
Contrast: good 
Grain: normal 
Base: blue, safely 


Type N film is faster than the most widely used 
medical X-ray film in the United States—and it costs 
less. This film is available with square corners in 
boxes of 25 or 75 interleaved sheets. For rounded 
corners, and extra savings on economical Ferrania 
prices, order Type N in bulk packages of 300-sheet 
interleaved, or 500-sheet non-interleaved films. 
Bulk-packed Type N film is specially designed for 
processing in all automatic developing units. 


SIMPLEX non-screen, for use with direct X-rays 


Speed: very fast 

Contrast: good 

Grain: fine 

Base: blue, safely 

No cassette is needed with Simplex film—each 
sheet is sealed in a lightproof exposure envelope 
for radiography of limbs and extremities. Con- 
venient guide lines divide the upper surface of the 
envelope permitting accurate masking of the film 
into four separate exposure areas. 25 Simplex ex- 
posure envelopes are packaged per box. 


GAMMA for ultra fine tissue work 


Speed: slow 

Contrast: extremely high 
Grain: extremely fine 
Base: blue, safety 


This new Ferrania film brings unprecedented detail 
to mammography and other ultra-fine tissue radio- 
graphy. Gamma film is compatible with all standard 
developing systems, and is packed 25 exposure 
envelopes per box. 


1C; for very fine tissue work 


Speed: medium 
Contrast: high 
Grain: very fine 
Base: blue, safety 


IC2, slightly faster than Gamma film, permits addi- 
tional savings for mammography and similar fine 
tissue work when the maximum requisites are high 
contrast and very fine grain. It is packed 25 exposure 
envelopes per box. 


X2A and X3V for photofluorography 


Speed: fast 

Contrast: high 

Grain: fine 

Base: blue, safely 

Ferrania films for photofluorography record all de- 
tails of the smallest structures. X2A is highly 
sensitive to blue and violet light, and is used with 
blue fluoréscing screens. X3V is orthochromatic, 
and is used with yellow-green fluorescing screens. 
Both films are available in 100- or 550-ft. rolls of 
70mm-wide film, wound emulsion side in on cores. 


DIRECT POSITIVE for fast reproduction 


Speed: medium 

Contrast: excellent 

Grain: fine 

Base: clear, safety 

The special, clear safely base of this film permits an 
exceptional reproduction of any radiograph. None 
of the definition or contrast of the original will be 
lost. In fact, this film can actually be used to im- 
prove these factors. Direct positive film does not 
utilize intermediate copies and makes reproduc- 
tions in as little as two minutes. It is packed in 
boxes of 25 interleaved sheets. 


Seven ferrania 
X-ray films meet 
your needs for 
quality radiographs 


Ferrania offers substantial savings on excellent 
medical X-ray films for all diagnostic applica- 
tions. Name your requirement—screen or non- 
screen radiograpns, fine tissue work, or photo- 
fluorography. Ferrania has sixfilms of unmatched 
quality to fill these needs. The seventh, a high- 
contrast, direct positive film, reproduces even 
the finest details of a radiograph. Ferrania- 
formula chemicals, in addition, guarantee that 
the high contrast and clarity of Ferrania films 
will be retained during processing. 


Every sheet and roll of film meets Ferrania’s 
exacting standards of performance. This is true 
for the film you buy today, next month, or next 
year. Such consistency is the result of Ferrania's 
exacting quality control program—one that has 
supplied films of premium quality to the world 
for more than 35 years. 


To find out more about Ferrania quality, test it. 
A request to Cenco X-Ray brings a test quantity 
of film (any of the seven types) and a catalog 
from your local Ferrania dealer. Also included: a 
copy of Radiographica, a technical journal of 
X-ray diagnosis published as a service by 
Ferrania. CXR-4-212 


U.S. DISTRIBUTOR OF 


HERE forranmia 


x H A Y RADIOGRAPHIC MATERIALS 
a division of Cenco Instruments Corporation 


1800 Foster Avenue ° Chicago, lilinois 60640 


Sales offices and warehouses: 
Jamaica, N. Y., Chicago, lll., and Santa Clara, Cal. 





x-ray viewing Is less of a strain with 


HALSEY EASY-VIEW BAN KS 





Standing or sitting, you'll find the viewing 
more comfortable — and diagnostic comparison of a | : 
series far easier — with these new angulated banks. — — —.—— M 


Available in wall-mounted and mobile models 
(extra accessories; shelf; shelf drawer; 
central switch panel instead of individual 
switches on each illuminator tier). 


Supplied with Instant Grip continuous film 
holder — grips film instantly, releases as 
readily, automatically provides just the 

right holding pressure; grips any size film, 
anywhere along the viewing surface. Wet-film 


, ; l No. 2308-1-A-SH-CS | 
holders included on vertical sections. 4-on-4, with shelf and 


central switch panel 








No. 2304-I-A-CS 
4-bank, with central 
switch panel 


ALL HALSEY ILLUMINATORS FEATURE... 


e Photometer-tested lighting to insure even light 
distribution 

e Improved P-80 Plexiglas front panel — ground 
glass finish on its inner surface provides 1096 
"Invisible" welds — with no sharp corners 

e Easily removable Plexiglas panel to prevent chip- 
ping of corners 

e Grommeted electric cord set with molded rubber 
plug to protect electrical connections against 
damage due to accidental tugs 

e UL approval 


No. 2308-I-MD-A-CS 
4-on-4, with mobile desk base 
and central switch panel 
4-bank model also available 


Through your dealer — or write for detailed literature 





HALSEY X-RAY PRODUCTS, INC. 
1425-37th Street, Brooklyn 18, N. Y. 


CHICAGO: 7321 Monticello Ave., Skokie, Illinois 
LOS ANGEFI FS. 1316 Ws Rth Qt Il nae Anaalac RF m: 


UESIGNED WITH AN 






EYE TO THE FUTURE 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products « P.O. Box 93 »• Ottawa « Canada 





SALES AND SERVICE REPRESENTATICN IN OVER ONE HUNDRED COUNTRIES. 64-1M 
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PLUG IN EXTRA CONVENIENCE 


MODEL 400 
PROGRAMMER 


a 





NEW 
MODEL 
400 
PROGRAMMER 


m 

for the Dach Pang Universal Automatic Seriograph. 
Convenience, an outstanding feature of the Universal Automatic Seriograph, ac- 
quires even greater significance with the addition of the Model 400 Programmer. 
Designed to be plugged into the Seriograph without modification, the Model 400 
provides: e Complete series time selection for the high-speed, 12-cassette Auto- 
matic Seriograph e Individual time-interval control of each cassette e Preselec- 
tion — and reselection — of time intervals e Control from remote site e Integral 
cassette counter e Portability for desk or wall operation e Easy adaptability to 
automatic dye injectors e ; Please address your in- 
quiries to: The Automatic 
Seriograph Corp., 4900 
Calvert Rd., College Park, 
the convenience-enhancing Maryland. Our telephone 
Model 400 Programmer. number is: UNion 4-5678. 


THE AUTOMATIC SERIOGRAPH CORPORATION 


A DIVISION OF LITTON INDUSTRIES 


Simple adaptability to bi- 
plane operation. e Obtain 
complete information about 





vith thi: Me.y BLU-RA4J ———— 
nd Expose Film in Only 6 Seconds 





COMPACT ... PORTABLE... . UL APPROVED 


e COSTS ONLY $350.* 


e EASY TO OPERATE — requires no special skill or training. Dark 
room personnel simply feed the duplicating film, in contact with the original 
radiograph, into the Blu-Ray Printer..Seconds later it is automatically returned, 
ready to be processed. 


WRITE BLU-RAY, Reproduction Engineering Corporation, Essex, Conn. 
Cable Address: Blu-Ray 


“Slightly higher west of the Rocky Mountains and in Canada. 


BLU-RAY 
— n 


DON'T DELAY IT, . a5, BLU-RAY IT 





For a demonstration, contact your nearest X-Ray film supplier. No obligation. 


NEW EQUIPMENT — 





PANTOSCOPE Il 


New Fluoro-Table with 
fully automatic spotfilm-device 
Front and side loading 


Long distance fluoroscopy 
and radiography with under table 
tube up to six feet F. F. D. 


Automatic diaphragming device 


for Image Intensifier and 
spotfilm work. 


10/6" DUPLEX INTENSIFIER 


Dual 10/6" Image 

Intensifier tube with over 4000 x gain 
Magnified view with high detail on 6" pattern 
Employed for all TV-Fluoro and Cine studies 
Automatic brightness control 

Pulsed operation. 


NEW CONCEPTS semens 





TUBECRANE 5D 


Tubecrane 

with extreme rigidity 
effortless positioning 

low inertia with 

unique counterpoise system 
wide coverage 


all functions controlled centrally 


5 PHASE TRIDOROS 55$ 


Three-phase generator with high capacity 
for all diagnostic techniques 


Automatic exposure timing 
Programmed tube load 
Three techniques selectable: 


KV MA Sec 
KV MAS 
KV (programmed operation) 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 


UNION — NEW JERSEY 07085 — U.S.A. 
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Companion product to world-famous 


Ansco High Speed X-ray Film 


New medium-speed ultra-high 
definition X-ray Film 


New Fine-X* Film brings vou maximum 
definition made possible by an extremely fine 
grain emulsion. And this advantage is yours 
with no change in techniques used for other 
medium speed films. 

Fine-X Film is compatible for processing 
manually or in all automatic roller-type proc- 
essors. Available in both standard packaging 
and in economical Fine-pak* bulk packaging. 

Contact your Ansco Technical Represen- 


tative or Dealer for a demonstration of this 
newest high definition film. 

For best results in all of the automatic 
roller transport processors, use 
Ansco Liquamat" Chemicals. 


gsfAnsco 


X-RAY PRODUCTS 
GENERAL ANILINE & FILM CORPORATION 
BINGHAMTON, NEW YORK 


NUTT TT 


a 


for minimum exposure 
. . . maximum clarity 


No x-ray film can entirely 
eliminate radiation exposure. 


Gevaert world-renowned film may 





be subjected to a sharp reduction 


in exposure time and still 
produce a radiograph of finest 


definition. Why not try it! 


J C © "NE PLUS ULTRA" 


N ÁN) 


GEVAERT 


X-RAY FILM 





Exclusive Distributors: LOW X-RAY CORPORATION, 161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 5450 North Milton Parkway, Des Plaines, Ill. © 601 Rodier Drive, Glendale, Calif. 
7136 Ardmore St., Houston 21, Texas * 50! Armour Circle N.E., Atlanta 9, Ga. (Nationwide Warehousing) 
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MAMMOGRAPHY 


By Robert L. Egan, The Methodist 
Hosp. of Indiana, Indianapolis, In- 
diana. A monograph directed to 
radiologists and all those physicians 
who are interested in the massive 
problem of diagnosis and treatment 
of breast cancer and breast diseases. 
Provides detailed discussion of tech- 
nique, roentgenographic characteris- 
tics of cancer, appearance of benign 
lesions of the breast, and : | simple 
classification of breast ice at: 
ceptable to radiologist, pathologist, 
and clinician. This simple approach 
to diagnosis utilizes no injection of 
foreign substances and is estheti- 
cally acceptable to the patient. Lib- 
erally illustrated. with films depict- 
ing the d: iy-to-day problems of radi- 
ographic di; ignosis of the breast. 
(Ame r. Lec. Roentgen Diagnosis 
edited by Lewis E. Etter) 
August 1964 About $20.50 
About 336 pp. (814 x 11) 
302 figs. 


ANATOMICO-ROENTGENO- 
GRAPHIC STUDIES OF THE 
SPINE 


By Lee A. Hadley, Syracuse Me- 
morial Hosp., Syracuse, N.Y. The 
most comprehensive original study 
of the subject ever presented in one 
volume! Over 900 roentgenographic 
images are coordinated with actual 
anatomical conditions. Of particu- 
lar practical interest are longitudi- 
nal follow-up studies showing the 
anatomical effect incidental to 
trauma and resultant changes there- 
to which were observable upon sub- 
sequent examination. Microscopic 
studies supply additional informa- 
lion . . . sections of the interverte- 
bral discs and the apophyseal joints 
as well as the vertebral bodies 
affected by various types of disease. 
Only the pertinent area of each 
roentgenogram is used and the au- 
thor has employed orientation 
marks freelv. 
July» 1964 
$26.00 


560 pp. 
614 il. 
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THE PHYSICS OF 
RADIOLOGY 


Second Edition, Revised 
Second Printing 


by Harold Elford Johns, 
Univ. of Toronto, Toronto, 
Canada. A new title... in 
fact, almost a new book! 
Expanded to twice the 
length of the First Edition 
of “The Physics of Radi- 
Books ation Therapy.” Includes 
^ new chapters on diagnostic 
radiologv, isotopes, protec- 
l'or tion, radiobiology, and ro- 
tation therapy. “ This book 
can be recommended with- 
out reservation to all radi- 
ologists and radiation 
physicists and should be 
strongly considered by them 
as a textbook for their stu- 
dents. No better current survey of the pue of radi- 
ology is presently available."—7/.4.M.A. (Amer. Lec. 
Radiation Therapy edited by Milton m dman) 
August 1964 469 Ul. About 788 pp. (7 x 10) 
About $23.00 


Important 
New 


COPPER AND PEROXIDES IN 
RADIOBIOLOGY AND MEDICINE 


By Jack Schubert, Nuclear Science & Engineering 
Corp., Pittsburgh, Pa. An unusual book ... written not 
to satisly but to stimulate research on the unique and 
widespre ad role played by copper in living organisms. 
Includes chapters critic: ally reviewing selecta aspects 
of current knowledge of copper chemistry; copper in 
biochemistry and medicine: peroxides and copper oxi- 
dases in r: idiobiology. 

August 1964 18 il. 


About 208 pp. 
About $8.75 
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the clinical situation demands 
conclusive, differential diagnosis 


consider these contrast media 
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URINARY TRACT CHANGES ASSOCIATED WITH 
SPINA BIFIDA AND MYELOMENINGOCELE* 


By R. A. GRAF, J. H. SMITH, R. H. FLOCKS, and E. F. VAN EPPS 


IOWA CITY, IOWA 


A` ANALYSIS of go patients with spina 
bifida and meningomyelocele clearly 
demonstrated that the ultimate prognosis 
of these patients depended upon the sever- 
ity of the upper urinary tract disease. The 
changes which lead ultimately to renal 
insufficiency can be readily evaluated 
through roentgenologic study of the entire 
urinary tract by excretory urography, de- 
layed cystography, retrograde pyelography, 
and cinefluoroscopy. A complete study 
utilizing more than one diagnostic modality 
is necessary to accomplish an adequate 
evaluation of the patient. This study 
showed conclusively that progessive renal 
damage may occur over a period of years 
and that urinary tracts which seemed to be 
anatomically and functionally normal early 
in the evaluation of the patient were found 
on subsequent examination to have under- 
gone progressive deterioration. It is the 
purpose of this report to describe the roent- 
genographic findings in co patients with 
spina bifida and meningomyelocele. These 
have been divided into 4 significant cate- 


Tapsee I 
Lower urinary tract damage 31 cases or 62% 
Ureterectasis 
Ureteral reflux 


35 cases or 73% 
26 of 42 cases studied 
or 61% 


Upper urinary tract damage 23 cases or 46% 


gories: (1) lower urinary tract damage, 
(2) ureterectasis, (3) ureteral reflux, and 
(4) upper urinary tract damage. The fre- 
quency with which these changes were 


encountered is shown in Table r. 


CHANGES IN THE LOWER URINARY TRACT 

As one would expect from the location of 
the osseous and neurologic anomaly, sig- 
nificant urologic abnormalities were found 
in the urinary bladder. These changes are 
indicative of neurologic disease of the spinal 
cord which results in interruption of the 
normal sensory and motor impulses to and 
from the bladder. The type of neurogenic 
bladder associated with spina bifida and 
meningomyelocele depends on the location 


and extent of this defect. It is our opinion 


* From the Departments of Urology and Radiology, College of Medicine, State University of Iowa Hospitals, Iowa City, Iowa. 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 
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that most of these patients have an inefh- 
cient bladder which does not function 
properly. This leads initially to lower urin- 
ary tract damage and may in the course of 
time affect the upper urinary tract as well. 
The most common finding is the autono- 
mous neurogenic bladder. Such a bladder 
exhibits varying capability of emptying, 
has inefficient contractions and may be 
either small and spastic or large and flaccid. 
Stasis of urine and infection are commonly 
associated with this type of bladder. The 
infection may remain localized in the blad- 
der, but it may also spread to the ureters 
and the upper urinary tract by continuity 
and ureteral reflux to produce a pvelone- 
phritis which can be detected clinically but 
not roentgenographically at this stage. One 
of the most interesting and significant facts 
demonstrated by this study and which, to 
our knowledge, has not been emphasized 
previously has been the demonstration of 
the progressive nature of these vesical 
changes. Bladders which at the time of the 
initial examination were entirely normal 
later showed significant. changes over a 
span averaging 9 vears. 

The roentgenographic evidence of lower 
urinary tract abnormality consisted of 
trabeculation of the bladder wall, saccules, 
cellules, diverticula, and dilatation of the 
vesical neck. These changes were present in 
31 cases (62 per cent). Of these, 26 patients 
had a normal lower urinary tract on admis- 
sion. Seven of these cases, however, showed 
progressive damage over a span of 9 years. 
It is significant that 64 per cent of these 
cases had associated upper urinary tract 
damage. These findings indicate that lower 
urinary tract dysfunction plavs a causative 
role in the production of upper urinary 
tract disease. 


URETERECTASIS 
In 3§ cases (73 per cent) ureterectasis 
was present. We define ureterectasis as 
persistent spindle-like dilatation of the 
distal one-third of the ureter which usually 
continues into the bladder. Ureterectasis 
was present at the time of the initial exam- 
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ination in 23 cases and of these 12 had 
abnormal upper urinary tracts. [n this 
group of patients with initial ureterectasis 
in which the upper urinary tract was nor- 
mal, 5 cases subsequently developed abnor- 
mal roentgenographic changes in the upper 
tracts. In those cases with normal ureters 
initially, ureterectasis developed later in 12 
cases and of these 6 also developed abnor- 
mal changes in the upper urinary tract. Of 
the 35 cases in which ureterectasis was 
noted, 23 cases (65 per cent) either had 
damage to the upper urinarv tract initially 
or subsequently developed it. The signifi- 
cance of this incidence is obvious and must 
be recognized by the urologist and radiolo- 
gist alike. 


URETERAL REFLUX 


Ureteral reflux was present in 26 of 42 
cases studied by delayed cystography (61 
per cent). Associated lower urinary tract 
damage occurred in 20 of these cases. There 
was a significant number of cases (10) in 
which no reflux occurred even though there 
was lower tract damage. It was interesting 
to note that ureteral reflux appeared in 6 
cases with an apparently normal bladder. 
Although reflux did occur in normal appear- 
ing ureters, it was infrequently found. We 
were impressed bv the demonstration of 
ureterectasis and/or upper urinarv tract 
damage by delaved cystography when the 
excretory urogram was normal. This em- 
phasized our contention that one diagnostic 
modality is insufficient for complete evalua- 
tion of the urinary tract. 


UPPER URINARY TRACT DAMAGE 


Twenty-three cases (46 per cent) re- 
vealed pyelectasis and caliectasis. Of these 
cases I2 were abnormal when first seen. 
Eleven cases developed upper urinary tract 
abnormality later, the average length of 
time covering a span of 6 vears. In 87 per 
cent of the cases with upper urinary tract 
damage there was associated lower tract 
damage. The statistics also revealed that in 
IO cases the upper urinary tract damage 
was demonstrated only after the patients 
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were examined by delayed cystographic 
technique. This is of considerable impor- 
tance because it again points out the neces- 
sity of utilizing a complete diagnostic eval- 
uation. Because clinical urologic evaluation 
of these patients is inadequate, repeated 
roentgenographic studies are required to 
demonstrate the progressive nature of the 
renal lesions. It must be emphasized that in 
the evaluation of these patients not only 
orthopedic and neurosurgical measures 
should be used but also urologic roentgeno- 
graphic studies of the urinary tract should 
be carried out. 


TREATMENT 

Conventional therapy of combating re- 
sidual urine and infection included catheter 
drainage, use of the Crede maneuver, and 
intermittent chemotherapeutic and anti- 
biotic drugs. In our experience, although 
these techniques were effective in some 
instances, they did not always prevent or 
alter the development of progressive urin- 
ary damage. In order to prevent this pro- 
gressive damage, the bladder and distal 
ureters must be functionally eliminated 
from the urinary svstem. This is best done 
bv supravesical diversion. In selected cases 
we have accomplished this bv utilizing the 
ileal conduit which creates a low pressure 
urinary drainage system. Postoperatively, 
regressive changes were noted in the upper 
urinary tract. 

The following illustrative cases are pre- 
sented. 


REPORT OF CASES 

Case r. F.L. This 13 year old female, was 
born with a meningomyelocele which was re- 
paired at the age of 5 months. She was rou- 
tinely seen for lower extremity orthopedic 
problems and had numerous corrective pro- 
cedures. The patient was able to ambulate with 
assistance from braces and crutches. She was 
totally incontinent of urine and feces. In 
January, 1962 hypertension was discovered on 
school examination. The blood pressure was 
160/110. The blood urea nitrogen was 65 and 
the creatinine 3.4. Urinalysis showed a specific 
gravity of 1.008. There was 1+ albuminuria 
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and microscopic examination of the sediment 
showed only an occasional white blood cell per 
high power field with no bacteria. Phenolsul- 
fonphthalein determination showed an appear- 
ance time of 30 minutes with less than 20 per 
cent of the dye being excreted in 2 hours. The 
residual urine was 450 cc. Figure 1/4 is the 
delayed cystogram and Figure 18 the intra- 
venous pyelogram in this case. Bilateral 
nephrostomies were performed as a palliative 
procedure. 


Comment. That the degree of involve- 
ment of the urinary tract could and did 
occur in this child under excellent ortho- 
pedic management, presumably without 
symptoms, is understandable but not 
acceptable. This tragic outcome could have 
been prevented by early, complete and 
repeated urologic roentgenographic studies 
and proper therapy. 


Case 11. J.O. This child was originally seen 
at the age of g months for meningomyelocele 
which was repaired surgically. Following this, 
the patient was seen periodically for mild pare- 
sis of the lower extremities and bilateral claw 
feet. In 1956 at the age of 9 years, he was seen 
in the Department of Urology for urinary in- 
continence which was controlled with diapers. 
He was able to walk fairly well despite the foot 
deformity. Urinalysis was chemically and 
microscopically negative. The residual urine 
was 50 cc. Excretory urograms showed bilateral 
function from normal upper urinary tracts. 
Delayed cystograms revealed a normal-sized 
bladder with very fine irregularity of the blad- 
der wall. The patient was then seen in March, 
1959 with increasing difficulty and with incon- 
tinence of the overflow type. Urinalysis 
showed 60-80 white blood cells per high power 
field and no bacteria were seen. The residual 
urine was 200 cc. Figure 2/7 is a delayed cysto- 
gram. The excretory urogram at that time 
showed bilateral hvdronephrosis. Diversion by 
suprapubic cystostomy was performed. Figure 
2B is the intravenous pyelogram in May, 1959 
after diversion. An intravenous pyelogram 
made in August, 1961 is shown in Figure 34. 
[n view of the progressive damage to the upper 
urinary tract despite vesical diversion, an ileal 
conduit was performed. Figure 3B is the excre- 
tory urogram made in November, 1961 follow- 
ing the supravesical diversion. 


IIc. 1. 
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Case 1. F.L., female aged 13 years. (4) November 23, 1962: Delayed cystogram. There is a large 


bladder with multiple cellules, but no reflux. (B) November 27, 1962: Thirty minute intravenous pyelogram. 
There is pronounced hydronephrosis and ureterectasis. 


Comment. Vesical diversion by supra- 
pubic cystostomy controlled the upper 
tract damage for awhile, but progressive 
damage was demonstrated at later exam- 
inations. The need tor continuing roent- 
genographic studies even in the absence of 
significant clinical studies is emphasized. 
The utilization of a permanent diversionary 
operation, ileal conduit is recommended. 

Case ur. J.W. This child was originally seen 
in 1954 with meningomyelocele and mild hydro- 
cephalus. The meningomyelocele was repaired 
surgically. The patient was then followed be- 
cause of paralysis of the lower extremities but 
was ambulatory with braces. She was seen in 
the Department of Urology in 1958 for urinary 
incontinence controlled with diapers. The 
urinalysis was negative and the excretory uro- 


grams showed prompt bilateral function from 
normal appearing kidneys. The excretory cysto- 
gram showed a small slightly irregular bladder. 
Resicual urine was 10 cc. In November, 1961 
the residual urine was $0 cc. Figure 44 is the 
intravenous pyelogram and Figure 45 the 
delayed cystogram. In April, 1962 the child was 
seen again, having had no difficulty aside from 
the urinary incontinence. Figure 52.7 is the 
intravenous pyelogram at that time and Figure 
5B the delayed cystogram. The residual urine 
at that time was go cc. Ileal conduit diversion 
was refused and the patient was placed on ure- 
thral catheter drainage. In January, 1963 the 
patient was seen again and the excretory uro- 
gram showed improvement with only mild 
dilatation of the distal left ureter being present. 
Delayed cystograms failed to show ureteral 
reflux. At that time diversion by ileal conduit 
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ic. 2. Case rr. J.O., male aged 12 years. (4) March 


was performed and Figure 6 shows the post- 
operative intravenous pyelogram. 


Comment. The comments made in Case 
it apply equally to urethral catheter drain- 


agc. 


Case 1v. E.T. This patient was first seen in 
the Department of Urology in May, 1901 at 
the age of 12 years. He was born with meningo- 
myelocele which had been repaired shortly 
after birth. The child had paralysis of the lower 
extremities with marked deformity of the feet. 
Urinary incontinence had produced a marked 
maceration of the genitalia. Urinalysis showed 
1+ albuminuria. There were many white blood 
cells and bacteria per high power field exam- 
ination of the urinary sediment. Figure 7.7 1s 
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27, 1959: Delayed cystogram. There is bilateral hydro- 
nephrosis, ureterectasis and a small trabeculated bladder with cellules and diverticula. ( B) May 27, 1959: 
[ntravenous pyelogram 2 months after suprapubic cystostomy. There is regression of the previous findings, 
but not a total return to normal. 


the intravenous pyelogram and Figure 7B the 
delayed cystogram made in May, 1961. The 
residual urine was 20 cc. The patient was main- 
tained on urethral catheter drainage during 
hospitalization for corrective orthopedic pro- 
cedures of the feet. À repeat excretory urogram 
made in August, 1961 1s shown in Figure 8.7. 
The delaved cystogram at that time showed no 
essential change in the character of the bladder. 
The patient was maintained on urethral 
catheter drainage and in January, 1962 the 
intravenous pyelograms revealed moderate 
hvdronephrosis and hydroureter on the right 
and the delayed cystograms showed left ure- 
teral reflux. Because of these progressive 
changes in spite of bladder drainage, supra- 
vesical diversion was carried out. Figure 8B is 
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lic. 3. Case 11. (4) August 8, 1967: Intravenous pyelogram made 25 years after Figure 28. Progressive 
hydronephrosis in spite of vesical drainage. (B) November 28, 1961: Intravenous pyelogram made 3 months 
after supravesical diversion by ileal conduit. Regression again has occurred. 





Vic. 4. Case rr. J.W., female aged 6 years. (4) November 15, 1061: Intravenous pyelogram. Dilated distal 
right ureter and normal calyces. (B) November 27, 1961: Delayed cystogram. There is a large, trabeculated 
bladder with multiple cellules and diverticula but no reflux. 
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Fic. 5. 


the postoperative pyelogram made in August, 
1962. 

Case v. M.G. This child was originally seen 
in August, 1947 with meningomyelocele and 
hydrocephalus. The lumbar myelocele had not 
been repaired but she has had several neuro- 
surgical procedures for removal of fibrous 
plugs in the foramen of Magendie and removal 
of the choroid plexus. She was originally seen 
in the Department of Urology in 1954 for 
urinary incontinence. Urinalysis was normal 
and the residual urine was 25 cc. The intra- 
venous pyelograms at that time were normal 
and the excretory cystogram showed a smooth- 
walled bladder. In June, 1957 the patient was 
again seen and Figure 9/7 is the excretory 
pyelogram. In February, 1963 the residual urine 
was 40 cc. and the urinalysis showed 6-8 white 
blood cells per high power field with many 
bacteria. Figure 9B is the intravenous pyelo- 
gram made at that time and Figure 9C the 


Case ii. (4) April 26, 1962: Intravenous pyelogram made 5 months after Figure 44. Now there are 
dilated tortuous ureters, mild hydronephrosis on the right and enlargement of the bladder. (B) Æpril 26, 
1962: Delayed cystogram showing bilateral reflux and bilateral hydronephrosis which are not seen on A, 
taken on the same day. 


delayed cystogram. This case demonstrated 
progressive changes in the urinary tract and 
therapy consisted of diversion by utilizing the 
ileal conduit. 

Case vr. R.W. This patient was originally seen 
in the Department of Urology in 1949 at the 
age of 1 year. He was born with meningomyelo- 
cele which was repaired shortly after birth. The 
patient had paraplegia and congenital disloca- 
tion of the hips. The child was incontinent of 
urine and the intravenous pyelograms and 
cystograms at that time were normal. Circum- 
cision was performed for maceration of the 
foreskin secondary to the incontinence. The 
patient was again seen in 1954 at the age of 6 
vears. At that time he was ambulatory with 
braces. The intravenous pyelogram was nor- 
mal and the delayed cystogram showed a large 
smooth-walled bladder. There was 75 cc. of 
residual urine. In January, 1955 the residual 
urine was 125 cc. and the delayed cystogram 


Intravenous 


FIG: 6. 


Case il. January 24, 1003: 
pyelogram following supravesical diversion by 
ileal conduit. There is return to normal on the left 
and regression of the hydronephrosis on the right. 


was unchanged. ligure 10.7 is the intravenous 
pyelogram made in May, 1957. The bilateral 
ureteral dilatation remained unchanged until 
December, 1961. At this time the intravenous 
pyelograms showed mild bilateral hvdrone- 
phrosis and Figure 108 is the delayed cysto- 
gram. The residual urine was ṣo cc. Ileal con- 
duit diversion has been carried out to prevent 
progression of the upper urinary tract damage. 
Figure 10C is the pyelogram made postopera- 
tively in October, rg62. 


Case vir. C.S. This 3 year old child was first 
seen in June, 1960 with a lumbar meningo- 
myelocele which was repaired. Subsequently, 
she developed a pseudomonas meningitis with 


increasing hydrocephalus and had several 
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Fic. 7. Case iv. E.T., male aged 12 years. (4) 
May 5, 1967: Intravenous pyelogram. There is 
moderate hydronephrosis and ureterectasis. (B) 
May 5, 1961: Delayed cystogram. There is a small 
trabeculated neurogenic bladder with a peculiar 
shaped diverticulum on the right. No reflux. 


. 4 
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lic. 8. Case 1v. (4) August 18, 19061: Intravenous pyelogram after catheter drainage. There is a return to 
normal renal architecture and only slight dilatation of the right ureter. (B) August 7, 1962: Intravenous 
pyelogram after supravesical diversion by ileal conduit. The kidneys are now normal, but there is slight 


residual dilatation of the right ureter. 


ventriculocaval shunts for increased intra- 
cerebral pressure. She was first seen in the 
Department of Urology in April, 1963 for 
evaluation of urinary incontinence. The urinal- 
yses showed 24- albuminuria with many white 
blood cells and bacteria per high power field. 
The residual urine was 5o cc. Figure 11.4 is the 
intravenous pyelogram and Figure 11B the 
delayed cystogram. Because of the rapiditv of 
upper urinary tract damage, supravesical di- 
version was carried out and Figure 11C is the 
postoperative pyelogram. 


Comment. This patient illustrates the 
necessity of a complete examination. De- 
pendence on the intravenous pyelogram 


would have given a false sense of security 
in that the left ureter and kidney appeared 
normal, when in reality the delayed cysto- 
gram revealed the opposite. Permanent 
damage to the right kidney may already 
have occurred prior to the ileal conduit. 
Case vur. D.B. This child was born with 
meningomyelocele which was repaired shortly 
after birth. She was first seen in the Depart- 
ment of Urology in 1956 because of repeated 
episodes of fever, chills, and pyuria. She was 
totally incontinent of urine. The excretory uro- 
grams showed moderate bilateral hydronephro- 
sis and hydroureter. There was 50 cc. of residual 
urine which on microscopic examination showed 
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Fic. 9. Case v. M.G., female aged 10 years. (4) June 24, 1957: Intravenous pyelogram. There is a mild left 
ureterectasis and caliectasis and a normal system on the right. (B) February 6, 1963: Intravenous pyelo- 
gram. There is bilateral mild hydronephrosis and ureterectasis. (C) February 6, 1963: Delayed cystogram. 
Right ureteral reflux and a neurogenic bladder with minimal trabeculation are demonstrated. 





Fic. 10. Case vi. R.W., male aged g years. (4) May 28, 1957: Intravenous pyelogram. There is mild caliecta- 
sis and ureterectasis bilaterally. (B) December 5, 7967: Delayed cystogram. There is reflux on the right with 
essentially the same degree of involvement as that seen in 4, a trabeculated bladder with multiple cellules 
and at least one diverticulum. (C) October 17, 1662: The intravenous pyelogram after supravesical diversion 


bv ileal conduit is normal. 
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Fic. 11. Case vri. C.S., female aged 3 years. (4) April 4, 1963: Intravenous pyelogram. There is caliectasis 
and ureterectasis on the right, a normal kidney and mild ureterectasis on the left. (B) April 5, 1963: De- 
layed cystogram 1 day later. There is hydronephrosis, ureterectasis on the left plus the moderate enlarge- 
ment and trabeculation of a neurogenic bladder. (C) Yune 72, 1903: Intravenous pyelogram 2 months after 
supravesical diversion by ileal conduit. The left kidney is normal and there is regression of the findings on 
the right, but no return to normal as vet. 





l'1G. 12. Case vin. D.B., male. (4) March 13, 1957: Delayed cystogram. There is an enlarged, trabeculated 
bladder with cellules and diverticula, reflux into the left ureter which is dilated and tortuous, and mild left 
hydronephrosis. (Intravenous pyelogram on the same day revealed a normal left kidney.) (B) January 29, 
1963: Intravenous pyelogram made after catheter drainage. Regression of above findings on the left, mild 
caliectasis and ureterectasis on the right. (C) January 29, 1963: Delayed cystogram on same day. There is 
slight reflux on the left. The bladder is less trabeculated, but still enlarged. 
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many white blood cells and bacteria. The pa- 
tient was placed on urethral catheter drainage 
and treated with intermittent sulfonamides. In 
December, 1956 the intravenous pyelograms 
showed slight improvement. Delayed cysto- 
grams at that time showed a badly damaged 
bladder with immediate bilateral ureteral re- 
flux into large ureters. She was continued on 
catheter drainage and Figure 12 shows the 
delayed cystogram made in March, 1957. The 
intravenous pyelograms at that time showed 
slight hydronephrosis on the right and a normal- 
appearing left kidney. She tolerated the urethral 
catheter drainage well. Figure 128 is the in- 
travenous pyelogram made in January, 1963 
and Figure 12C the delayed cystogram. 


Comment. This 1s one of the few cases in 
which regression of urinary tract damage 
by conservative means has occurred. At the 
present time this patient is being treated by 
bladder drainage and drug therapy. The 
comments in Case vir apply equally to 
this patient. Here, too, there was a normal- 
appearing left kidney on intravenous pyel- 
ography yet delayed cystography revealed 
severe involvement of the left ureter and 


kidney by reflux. 


SUMMARY 


i. Fifty cases of spina bifida and men- 
ingomyelocele have been studied from a 
urologic and roentgenologic standpoint. 
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2. The roentgenographic findings are 
divided into 4 categories: (1) lower urinary 
tract damage, (2) ureterectasis, (3) ureteral 
reflux, and (4) upper urinary tract damage. 

3. The need for repeated roentgenologic 
study is emphasized utilizing 4 diagnostic 
modalities; i.e., (1) excretory urography, 
(2) delayed cystography, (3) retrograde 
pyelography, and (4) cinefluoroscopy. 

4. significantly abnormal upper urinary 
tracts and ureters occur in patients whose 
intravenous pyelograms are normal. Intra- 
venous pyelography and cystography are 
recommended as minimal studies that must 
be performed routinely in the work-up of 
these patients. 

5. The silent and progressive nature of 
the urinary lesions is identified. 

6. Orthopedists, pediatrists, neurosur- 
geons as well as urologists and radiologists 
must be aware of the frequency and sever- 
ity of the urinary tract involvement in 
patients with meningomyelocele and spina 
bifida. 

7. Supravesical diversion of the urinary 
tract by utilizing the ileal conduit is an 
effective form of therapy in selected cases. 


E. F. Van Epps 

Department of Radiology 

State University of Iowa Hospitals 
College of Medicine 

Towa City, Iowa 
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ONRAY-400, a 66.8 per cent solution of 

sodium iothalamate, is a highly water 
soluble, low-viscosity contrast medium con- 
taining 40 per cent iodine. The product 1s 
intended for use in intravascular angio- 
cardiography, aortographv, and intrave- 
nous pyelography. This note is a report of 
the results of the use of the compound 
chiefly for intravenous pyelography. Pre- 
liminary clinical trial in the first few pa- 
tients indicated that the new 66.8 per cent 
sodium iothalamic acid compound was well 
tolerated and resulted in good contrast of 
the urinary system. Accordingly, a series of 
508 patients was given the new drug. 


METHOD 


Beginning on November 16, 1962, 508 
consecutive patients were injected with a 
solution of 66.8 per cent sodium iothala- 
mate (conray-400). Pyelography was per- 
formed in both ambulatory and hospital- 
ized patients of all ages and both sexes. 
Those referred from the clinic were in- 
structed to abstain from food and fluid 
beginning at midnight prior to the morning 
of the examination and to report to the 
radiology department for pyelography. In- 
patients were given castor oil on the even- 
ing before examination and no fluid or food 
from midnight on; a tap water enema prior 
to pyelography was administered. Various 
doses up to co ml. of sodium iothalamate 
66.8 per cent, depending on the weight of 
the patient, were used initially. After the 
first 50 cases, a dose of 25 ml. for adults 
with smaller doses for infants and children 


* Aided by a grant from the Whitehall Foundation. 


(1 ml. per kg. of body weight) was given. 
Although everv patient was questioned 
regarding previous reaction to contrast 
agent or allergies, none was denied the 
examination. The contrast agent was in- 
jected into an arm vein percutaneously with 
a No. 20 gauge needle. A preliminary test 
injection of 1 ml. was negative in the first 5 
patients; subsequently it was not used. The 
injection was made rapidly, usually in 
about 1 minute. Films were exposed at the 
end of 7, 15 and 25 minutes and additional 
roentgenograms were taken when indicated 
after inspection of the pyelograms. Pye- 
lographic studies with abdominal pressure 
were also performed in over §0 patients. 
RESULTS 

Warmth, heat, and flushing of mild to 
moderate degree were present in the major- 
itv of the patients. Surprisingly, many pa- 
tients had no complaints and subjective 
reactions were elicited only after interroga- 
tion. Transient flushing seemed to be uni- 
versal. Nausea, vomiting, headache, and 
urticaria occurred rarely. There was no 
extravasation into the arm tissues and no 
severe reactions were encountered. 

The quality of the roentgenograms varied 
depending on the size and weight of the 
patient, the degree of freedom from neigh- 
boring gaseous and fecal shadows, and the 
nature of the pathology. Excellent pvelo- 
grams, nephrograms, and cvstograms were 
the rule. The degree of radiopacity achieved 
with the 66.8 per cent sodium iothalamate 
solution (iodine content 40 per cent) was 
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usually superior to that seen with other 
contrast media of lower iodine content em- 
ploved previously. 
DISCUSSION 
In addition to conrav-400, two other 
iothalamate products are currently avail- 
able: conray, methylglucamine  10thala- 
mate 60 per cent, intended for use in intra- 
venous urography and cerebral and periph- 
eral angiography; and — angio-conray, 
sodium iothalamate 80 per cent intended 
for use in intravascular angiocardiography 
and aortography.*'5 These three products 
are based on 1othalamic acid, which has the 
following structural formula 





COOH 
A ine 
I VA N x I 
O | O 
| EX / | 
CH,CNH N CHNCH, 
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Several reports regarding the advantages of 
conray and angio-conray have recently 
been published.! =" 

The 66.8 per cent sodium iothalamate 
solution was also injected intravenously for 
angiocardiography (18 patients), intra- 
cardially for selective angiocardiography 
(8 patients), intra-aortically for renal 
arteriography (6 patients), and into the 
aortic arch for carotid-vertebral arteriog- 
raphy (4 patients). Only a transient mild 
wave of heat resulted; there were no major 
reactions, and the radiopacity of the angio- 
grams was of excellent quality. 

Because of the low viscosity of conray- 
400, for pyelography it could be injected 
rapidly through a small No. 20 gauge 
needle. This made possible the percutane- 
ous injection of patients with small veins. 
Even though there were no serious reac- 
tions in the so8 patients studied, it is 
predicted that significant reactions and 
even fatalities will occur after injection of 
this solution. This is because the concen- 
trated organic iodides are never entirely 
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nonreactive; death, though rare, being 
apparently due to idiosyncrasy to the 
drug.?!* Unfortunately, a preliminary test 
for prediction of untoward or fatal reac- 
tions is not available. Although a prelimi- 
nary 1 ml. intravenous injection is advo- 
cated by some for medicolegal purposes, it 
is not done at this center or recommended 
by the U.S. Pharmacopeia." 


SUMMARY AND CONCLUSIONS 


Clinical trial of a new contrast agent, 
conray-400, a 66.8 per cent solution of 
sodium iothalamate, was made in a series 
of 508 patients referred for intravenous 
pvelography. Because of the low viscosity 
of the medium, the solution can be injected 
into a vein percutaneously via a small 
gauge needle, thereby decreasing the chance 
of extravasation. The observations indicate 
that the intravenous injection of this solu- 
tion for pyelography in doses of 25 ml. is 
practically devoid of unpleasant reactions; 
indeed, not a single serious reaction was en- 
countered in this consecutive series of 508 
patients. Injection of the compound into a 
small number of patients (36) for angio- 
cardiography, renal, and carotid-vertebral 
arteriography was also well tolerated and 
without significant reaction. 

The higher iodine content of the solution 
of 66.8 per cent sodium iothalamate in 
comparison to other media commonly em- 
ployed for pvelographv provided pvelo- 
grams of increased radiopacitv. Conray-400 
would appear to be an excellent and safe 
contrast medium for intravenous pvelog- 
raphv. 

Israel Steinberg, M.D. 
The New York Hospital 


525 East 68th Street 
New York 21, New York 


Cornell Medical Center 


James A. Peterson of the Clinical. Develop- 
ment Department, Mallinckrodt Pharmaceu- 
ticals, kindly made conray-400, 66.8 per cent 
sodium 1othalamate, available to us for clinical 
trial, 
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NORMAL RENAL SIZE: AN ABSOLUTE 
CRITERION 


By ALLAN L. SIMON, M.D. 


BOSTON, MASSACHUSETTS 


ANY criteria have been set forth in an 

attempt to define the size of the nor- 
mal kidney. Billing! measured 100 normal 
kidneys on the roentgenogram and found 
that 99 were 11 to 13 cm. long. Moecll** 
measured the renal outlines of 140 clini- 
cally healthy men and 25 healthy women in 
whom the average length proved to be 13 
cm. Meschan? in his textbook states that 
the average kidney is 10 to 12 cm. long. 
Hodson? measured 1,000 clinically normal 
kidneys and concluded that "there is a 
wide range of normal; kidneys of the same 
radiographic size and shape can differ in 
weight by 20%.” He relies on lack of sym- 
metry to detect early pathology. 

This study was undertaken in an attempt 
to determine whether there are any abso- 
lute criteria of renal size. If such criteria 
could be defined, early atrophy and bi- 
lateral atrophy especially could be de- 
tected. 


METHODS 


The autopsv records for the vear 1960 
at Pondville Hospital and for 1961 at Beth 
Israel Hospital were reviewed and 100 





ic. I. 


consecutive cases were selected with kid- 
neys of normal weight, normal gross and 
microscopic appearance, and in which 
standard supine roentgenograms of the 
renal area had been made. There were 55 
females and 46 males, ranging in age from 
23 to 86 vears. The greatest concentration 
of patients (about half of the cases) was in 
the sixth and seventh decades. The roent- 
genograms were taken for various reasons, 
all within 1 year of the patient's death. 

The length of each kidnev was deter- 
mined in its longest axis (Fig. 1, 7 and B). 
The height of the second lumbar vertebral 
bodv was determined, with and without the 
[2-3 disk. The measurements were made 
at the posterior margins of the body to 
eliminate the possibility of error due to 
small compression fractures, which gener- 
ally occur anteriorly. These measurements 
were then used to create two sets of ratios: 
kidney length/height of L2 and kidney 
length/height of L2 plus disk. The ratios 
were plotted on a graph and a bell-shaped 
curve resulted. 

The ratios of kidney length to height of 
L2 varied from 3.0 to 4.6 (Table 1). The 
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(4) Roentgenogram and (B) drawing showing the axis measured on 


the kidney and on the body of L3. 
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TABLE I 








Kidney Weight | 
Kidney Length (measured on roentgenogram) | 








Kidney Length/Height of L2 
Kidney Length/Height of L2 plus disk 


statistical mean value was 3.7 with a stand- 
ard deviation of 0.37, so that 95 per cent of 
all predicted values fall between 3.0 and 
4.4. 

The ratios of kidney length to height of 
L2 and its disk varied from 2.5 to 3.8. The 
statistical mean value was 3.1 with a stand- 
ard deviation of 0.27. The calculated range 
in which gs per cent of all normal values 
fall is 2.6 to 3.6.4 Interestingly enough, the 
calculated range of normal limits correlates 
quite closely with the observed figures so 
that one can assume that the normal range 
of limits for the ratios is statistically sig- 
nificant. 


DISCUSSION 


In this small series only kidney length 
was used. It is the easiest dimension to 
delineate on the roentgenogram and the 
least likely to be obscured. Moell^ has 
already shown that there is no correlation 
between the roentgen image of renal height 
and actual renal weight and volume. 
Hodson's? opinion, stated above, is that 
kidnevs of the same roentgenographic size 
can vary in weight up to 20 per cent. This 
studv was not an attempt to correlate 
weight with anv roentgenologic criteria but 
merely to determine the range of normal. 
We used the vertebra as a vardstick for 
measurement of renal size to obviate anv 
errors of magnification due to variations 
of patient positioning, tube distance, and 
tube centering. 

Table 11 shows several other interesting 
facts when the data are analvzed according 
to age. In the first column a 40 per cent 
decrease in renal weight is noted with in- 
creasing age. This has been previously de- 








| 
Range Mean 
80 to 240 gm. 35 gm. 
9.4 tO I3.7 cm. 11.7 Cm. 
3.0 to 4.6 | 15.3 
2.5 [EO 0,3 341 


scribed by Wald,’ Korenchevskv,? and 
Roussle and Roulet.” The second column 
shows that, although kidneys decrease con- 
siderably in weight with advancing age, 
they decrease in length (presumably also in 
width) by only 10 per cent. This is sup- 
ported by the autopsy observation of an 
increase in peripelvic fat with age. Accord- 
ing to pathologists, aging with accompany- 
ing arteriosclerosis and arteriolonephro- 
sclerosis causes a diffuse loss of renal tissue 
and replacement by a lighter tissue, namely 
fat. 

The vertebral bodies do not vary with 
age. Hence, the ratio kidney length /height 
of L2 remains constant. The L2-3 inter- 
vertebral disk apparently does not lose 
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| | B | Ratio 
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7th 125 11.6 3.6 341 
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enough height to alter the ratio:kidney 
length/height of L2 plus disk. 


SUMMARY AND CONCLUSIONS 


A retrospective study was undertaken, 
wherein a series of kidneys, proven normal 
at autopsy, was measured on standard 
supine roentgenograms. 

The ratio of renal length to the height of 
La is 3.7+.37 and the statistical range of 
normal values is 3.0 to 4.4. 

The ratio of renal length to the height of 
L2 and its disk is 3.1 +.27 and the range of 
normal values is 2.6 to 3.6. 

Any kidney-vertebral ratio which falls 
outside of the appropriate range can be 
considered to represent an abnormal kid- 
ney. 

Kidneys, although decreasing in weight, 
do not decrease in length with age; hence, 
the ratios remain constant. 


Department of Radiology 
Grace-New Haven Hospital 
New Haven, Connecticut 


Allan L. 
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FEIAL LOBULATION OF THE KIDNEYS* 


By LAWRENCE R. COOPERMAN, M.D., 


and ROBERT M. LOWMAN, M.D. 


NEW HAVEN, CONNECTICUT 


AETHOUGH persistence of a lobulated 

contour of the kidnevs into adult life is 
a not uncommon finding in roentgenologic 
and urologic surveys , fetal lobulation has 
received little attention in the literature. It 
IS Our purpose to present a roentgen study 
of this normal anatomic variation, employ- 
ing nephrotomography and renal arteriog- 
raphy to clarify some of the diagnostic and 
anatomic considerations related to this 
entity. 

Attention has been drawn in the past pri- 
marily to anatomic variations of the left 
kidney, in which it is well accepted that 
irregularity of contour occurs more com- 
monly in contrast to the right.^? Harrow 
and Sloane’ have suggested the term 
dromedary left kidney to describe the single 
local bulge occasionally seen on its lateral 
border. They reported an incidence of 23 
cases 1h 1,000 excretory urograms exam- 
ined. Frimann-Dahl’ has reported a higher 
incidence, about 10 per cent in a series of 
an estimated 5,950 urographies. We feel 
that the variations and humping seen pri- 
marily in the left kidnev represent varying 
degrees of fetal lobulation. It is also known 
that a single local hump may rarely be 
present on the right. The following cases are 
presented to illustrate the spectrum of 
findings associated with this entity. 


ILLUSTRATIVE CASES 


Case 1. A white female, aged 35 years with 
a six month history of occasional abdominal 
pain, chills, fever, and hematuria was ad- 
mitted for general examination. Pyelograms 
and nephrotomograms demonstrated a mass- 
like lesion in the left kidney along the upper 
lateral border. Arteriography was not done. 
The preoperative diagnosis was cyst with in- 
fection or hemorrhage, but tumor could not be 
excluded. At surgery, the mass was seen to be 
produced by an unusually large area of lobula- 


* From the Department of Radiology, 
munity Hospital, New Haven, Connecticut, 


Yale University School of Medicine, 





Fic. 1. Case 1. Nephrotomogram showing a large 
local bulge of the mid-lateral border of the left 
Kidney. No cyst or tumor was found at surgery. 


tion; all biopsies were negative. Symptoms were 
believed related to probable glomerulone- 
phritis (Fig. 1) 


Case 11. A white female, aged 34 years, was 
admitted for general examination because of 
hypertension, diabetes and obesity. The ap- 
pearance of the kidneys was similar to that 
noted in Case r with the local bulge being 
smaller. The spleen was fairlv close, but was 
not in direct approximation to the left kidney. 


The patient was not considered to have signif- 


icant renal disease (Fig. 2). 


Case 111. A white male, aged 67 years, was 
admitted because of microscopic hematuria. 
This patient also demonstrated a local bulge 
along the lateral border of the left kidney as 
did the previous 2 cases. The nephrotomogram 
(Fig. 3) demonstrated a wide distance between 
the left kidney and spleen. 


Case 1v. A white female, aged 56 years, who 
was admitted for diabetic neuropathy, re- 
ceived a general examination to rule out other 
causes for pain in the right flank and right leg. 
The kidneys in this case showed a more dif- 
fuse lobulation, which was bilateral and fairly 


and Radiology Service of the Grace-New Haven Com- 


273 





liG. 2. Case ri. Nephrotomogram showing a small 
local bulge of the lower lateral left renal border. 
The spleen is fairly close to the left kidney. 


symmetric. She was not considered to have 
specific renal disease (Fig. 4). 


Case v. A white male, aged 41 years, was 





ic. 3. Case iri. Nephrotomogram showing a similar 
small local bulge of the left kidney as in ligure 2. 
Note the wide distance between the kidney and 
the spleen. 
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admitted because of an episode of painful 
hematuria followed by dysuria. Examination 
was negative except for severe congestion of 
the posterior urethra; a diagnosis of congestive 
prostatitis was made. The general shape of the 
left kidney in this case was triangular, with a 
fairly smooth contour. Very close approxima- 
tion to the spleen was present, with impression 
apparent on the latter (Fig. 5). 


Case vi. A white male, aged 32 years, was 
admitted because of episodes of intermittent 
right flank pain. The admission pyelogram 
demonstrated a large triangular shaped left 
kidney. A nephrotomogram was inconclusive 
and a repeat examination was recommended. 
Before further roentgenologic study was under- 
taken, the patient was explored, the tentative 
diagnosis being left renal tumor; despite nega- 
tive biopsies, a left nephrectomy was per- 
formed. On pathologic examination of the 
specimen, no cyst or tumor was found. The 
retrograde pyelogram showed a left renal con- 
tour similar to that noted in Case v. There was 
a wide distance between the kidney and the 
spleen; a long infundibulum of the middle 
calyceal group was present (Fig. 6). 


Case vir. A white male, aged 47 years, was 
admitted with a long history of intermittent 
left flank pain. An arteriogram (Fig. 7) showed 
multilobulation in the left kidney with a smooth 
bordered right kidney. This is a relatively un- 
usual combination. 


Case vill. A white male, aged 41 years, was 
admitted because of testicular pain and hema- 
turia. A diagnosis of hemorrhagic prostatitis 
was made. The excretory urogram showed a 





Fic. 4. Case iv. Nephrotomogram showing bilateral 
symmetric diffuse lobulation. 
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local bulge laterally of the right renal border, ee 
almost a mirror image of the finding on the mE M 

left. This configuration, as reported by other | 
authors, is rare (Fig. 8 and 9). 


Case 1x. A white male, aged 55 years was 
admitted following an episode of trauma to the 
right flank. He was suspected of having a con- 
tusion of the right kidney. Arteriography was 
performed 10 days after admission to evaluate 
the right kidney. Marked local lobulation of 
the left kidney was discovered incidentally. 
There was elongation of the smaller renal 
branches corresponding to the bulge (Fig. 10 
and II). 


ROENTGEN FINDINGS 
An analysis of 30 cases of fetal lobulation, 
for the most part studied by nephrotomog- 





lic. 6. Case vi. Retrograde pyelogram showing a 
renal contour similar to that in Figure 5, with a 
wide distance from the spleen. Note the long 
infundibulum of the middle calyceal group. 


= 





ic. 5. Case v. Nephrotomogram showing a tri- 
angular shape of the left kidney and a smooth 


border. The amount of renal parenchyma in the Fic. 7. Case vir. Renal arteriogram, nephrographic 
mid-lateral portion appears quite generous. Note phase showing multilobulation of the left kidney. 
close approximation of spleen and concavity of its The right kidney has a smooth border. Note notch- 


border. ing between humps. 
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hic. 8. Case viri. Excretory urogram showing a local 
bulge of the right lateral renal border. 


raphy and renal arteriography, showed the 
wide spectrum of contour change produced 
by fetal lobulation simulating cysts and 
other mass lesions. The impression was 
gained that the phenomenon tends to 
occur in 3 basic forms. One consists of a 
bulge on the lateral border of the left 
kidney, usually slightly below the equator, 
with very minimal lobulation elsewhere 
(Fig. 1, 2 and 3). The second type consists 
of a general triangular shape of the left 
kidney, its lateral border being prominent 
but showing no distinct local convexity 
(Fig. 5). The third type consists of a gen- 
erally lobulated contour, with many con- 
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vexities and depressions in between (Fig. 
4), usually occurring bilaterally and ex- 
hibiting fairly symmetric involvement. 
This classification is not to be taken rigidly, 
as there are gradations between types, and 
exceptions, such as multilobulation on one 
side and a smooth contour on the opposite 
side, may be observed (Fig. 7). 

An important roentgenographic feature 
is the well defined notching of the renal 
borders. This is best seen in the nephro- 
graphic phase of arteriography and is highly 
characteristic (Fig. 7). 

Changes ir the renal vasculature are 
quite subtle in relation to the humped or 
depressed areas, consisting of slight elonga- 
tion and stretching (Fig. 9 and 10) in the 
humped areas, and slight shortening with 





Fic. 9. Case vin. Magnification renal arteriogram 
showing another case similar to Figure 8 with a 
slightly lower local bulge. Note slight elongation 
of renal vessels in area. 
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increased tortuosity adjacent to the de- 
pressed areas. 

The most commonly encountered types 
of lobulated contour are shown diagram- 
matically in Figure 12. 


DISCUSSION 


The kidneys in many mammals often 
maintain a markedly lobulated contour 
throughout life and this configuration 
apparently represents a normal mature 
form in the developmental scale (Fig. 13). 

At birth, in humans the kidneys are 
normally lobulated (Fig. 14). They become 
gradually less so, with the lobulations 
finally disappearing around the sth or 6th 
year in most individuals.' Kelly and Burn- 
ham’ have stated that persistence of 
lobulation signifies either that the growth 
of the cortex during the postfetal stage did 


Fic. 10. Case 1x. Renal arteriogram showing elonga- 
tion of the renal arterial branch supplying the 
area of the bulge. 
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ic. 11. Renal arteriogram. Nephrographic phase of 
same study as ligure 10. 


not take place vigorously enough to obliter- 
ate the surface depressions, or that the 
cortical columns were of such depth that 
the usual postfetal cortical growth was 
insufficient to fill the grooves. 

On the anterior surface of the left kidney, 
3 flattened impressions may be seen, with 
varying degrees of depth. One of these 1s 
presumably caused by the spleen, which is 
in contact with the kidney laterally and 
anteriorly, the extent of contact varying 
according to splenic size. Occasionally, the 
pancreas may partially separate these 
organs, producing a slight flattening of the 
upper pole. Cunningham? has suggested 
that the left kidnev is thicker, less flattened 
anteroposteriorly than the right, and the 
impressions on its surface are better 
marked. 

The cases presented illustrate the fre- 
quent bulge seen on the lateral border of the 
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ic. 12. Various types of lobulated renal contours 
commonly encountered. Note variable relationship 
of spleen. 


left kidney. Tomography and arteriog- 
raphy, in particular, show good visualiza- 
tion of the renal parenchyma and the ad- 
jacent spleen, and the frequent close rela- 
tionship of the spleen. This lends support 
to the theory that lobulation is at least 
partially related to proximity of the spleen. 
The conspicuous notch deformities well 
shown along the renal border in the nephro- 
tomograms suggest that the process also 
must be related to an intrinsic retardation 
of the border smoothing process. This latter 
phrase refers to the usual cortical growth 
in which the surface depressions are 
gradually obliterated. It also appears that 
close proximity of the spleen is a variable 
phenomenon, not always related to a 
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definite impression on the kidnev. In some 
cases the renal bulge is a good distance 
from the spleen and the adjacent renal bor- 
der maintains its convexity (Fig. 3). Con- 
comitant changes in the renal collecting 
system are also well known and consist of 
infundibular elongation (Fig. 6) and some- 
times enlargement of the calvces corre- 
sponding to the bulge. This phenomenon 
would certainly tend to indicate the early 
developmental nature of the process. 

The practical clinical importance. of 
lobulated kidnevs is related to the confu- 
sion of a severe local bulge with a renal cyst 
or tumor. Fetal lobulation can usually be 
differentiated trom areas of atrophic pvelo- 
nephritis by the lack of loss of renal paren- 
chyma and the absence of calyceal club- 





FIG. 


13. The markedly lobulated multi-papillary 
kidney of the bear, partially dissected. (After 
Henle, from Hinman, F. The Principles and Prac- 


tice of Urology. W. B. 
Philadelphia, 1935.) 


Saunders Company, 
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bing. Renal fibrolipomatosis associated 
with pyelonephritis may produce local in- 
fundibular elongation and contour bulging. 
Tomography will reveal a widened renal 
sinus and increased fat.? Case 1 has shown 
that the humping may be so severe as to 
closely simulate a tumor, leading to ex- 
ploration. Thus, in order to attempt to 
obviate a needless exploration or ensure a 
necessary one, the radiologist finds himself 
in a diagnostic dilemma. It is here that the 
use of nephrotomography and renal arteri- 
ography plays such an important role. This 
is especially important when symptoms 
such as hematuria are present in the patient 
whose excretory and retrograde pvelo- 
graphic findings indicate a local promi- 
nence of therenal contour without distortion 
of the collecting system. Renal tumors, it is 
known, can be present without significant 
pvelographic distortion." In the presence 
of such findings, nephrotomography should 
be pertormed. This is easily accomplished 
without the use of specialized equipment. 
If there is any doubt as to whether the 
findings represent normal variations, then 





Itc. 14. Photograph of normal kidney in a newborn. 
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Fic. 15. Renal arteriogram showing an asymptomat- 
ic renal carcinoma. Note collection of tumor ves- 
sels in upper left kidney, co-existing with an area 
of lobulation on the lateral border. (Courtesy of 
W. Shuford, M.D., Atlanta, Georgia.) 


renal arteriography should be done. In 
practically all cases the presence or absence 
of abnormal vascularity should clarify the 
problem. Even if exploration 1s undertaken 
because of high clinical suspicion, the 
presence of normal roentgenographic find- 
ings, together with negative biopsies at 
surgery, should contraindicate a blind 
nephrectomy, particularly in the younger 
patient. There is no reason, of course, why 
a renal tumor cannot occur in the lobulated 
kidney, either in an area of pre-existing 
lobulation or in another portion of the renal 
parenchyma. This possibility should not 
be underestimated (Fig. 15). However, one 
should be aware of the frequency and wide 
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spectrum of normal variations of renal renal arteriography will in most cases 


shape. 
SUMMARY 


i. Fetal lobulation is a frequently en- 
countered anatomic variation in normal 
adult kidneys. 

2. It tends to occur in 3 basic patterns: 
(a) a local bulge on the lateral border of the 
left kidney; (b) a triangular shaped, some- 
what “enlarged,” left kidney; and (c) a 
diffuse multilobulated form which is bi- 
lateral. Well defined notching of the renal 
border is a characteristic frequent accom- 
panying finding. 

3. Exceptions to the above occur with 
some gradations between the three types. 
A local bulge may be observed on the lateral 
border of the right kidney on rare occa- 
sions. 

4. In the majority of cases the local bulge 
on the left lateral renal border, visualized 
on pyelograms, is due to this anatomic 
variation. 

5. There is no distortion of the collecting 
system; the usual pyelographic finding, if 
any, consists of local infundibular elonga- 
tion. 

6. Arteriography reveals no abnormali- 
ties and the anatomic variation is limited 
to some elongation or shortening of the 
vessels corresponding to the local bulges or 
depressions. 

7. The relation of the lobulated kidney 
to the spleen is variable, sometimes being 
closely approximated, sometimes not. 

8. Differentiation of the local form of 
lobulation from a renal mass lesion may be 
a difficult problem, requiring thorough 
investigation in a patient with significant 
symptomatology. Nephrotomography and 


co 


clarify the problem. 


Robert M. Lowman, M.D. 

Memorial Unit 

Grace-New Haven Community Hospital 
New Haven, Connecticut 
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CONGENITAL UNILATERAL MULTICYSTIC DISEASE 
OF THE KIDNEY 


AN ENTITY? 


By CHRISTIAN V. CIMMINO, M.D.* 


FREDERICKSBURG, VIRGINIA 


HE purpose of the author is twofold: 

to make better known among radiolo- 
gists the concept of unilateral multicystic 
disease of the kidney, and to discuss its 
validity as an entity apart from the usual 
congenital polycystic disease. 

Congenital unilateral multicystic kidney 
has been described by Spence and others in 
the past decade'?*9!?^ on the basis of 
some 30 cases. It is congenital but not 
hereditary; maternal rubella during the 
first trimester of pregnancy had been pres- 
ent in I case,* but usually no predisposing 
factors have been discernible. Stenosis of 
of the ureter, a very common finding, has 
been suggested by Fink e al? as the im- 
mediate cause, the obstruction causing a 
fetal hydronephrosis. They have detected 
muscle fibers within the walls of the cvsts 
and have offered this as evidence that these 
cysts represent dilated calyces—hence their 
name of congenital cystic hydrocalycosis. 
The more distal the ureteral stenosis, they 
believe, the less effect upon and the smaller 
the kidney, thus accounting for the varia- 
tion in size of the cystic mass. The usual 
site of ureteral stenosis is proximal, with 
the undampened effects of back pressure 
upon the kidney leading to the large, easily 
palpable mass, according to their theory. 
The kidney is replaced by a mass of cysts 
of varying sizes. A nubbin of solid tissue 
may be present, but there is little or no 
renal parenchyma detectable grossly. The 
pelvis is small or absent. The ureter is 
hypoplastic, stenotic or atretic. When the 
ureteral obstruction is distal, the proximal 
ureter may be dilated. The nephrons are 
few, hypoplastic, and tend to be arrested 
in development. The disease usually pre- 


* Clinical Professor, Radiology, Medical College of Virginia, 


sents in the otherwise well infant as a uni- 
lateral nodular-cystic flank mass. Excep- 
tionally, there may be pain or gastrointes- 
tinal symptoms from the size of the mass, 
poor general development, or pvuria.? The 
intravenous pyelogram will show no signifi- 
cant function on the side of the mass, and 
a polycyclic soft tissue contour may be 
discernible. The opposite side functions 
well with not the slightest evidence of cystic 
deformities. Treatment is nephrectomy; 
prognosis is excellent. 

Congenital polycystic kidney, on the 
other hand, has a strong hereditary tend- 
ency. For an exhaustive study of the 
theories of its pathogenesis and its pathol- 
ogy, the reader may consult Reference 3. 
Both kidneys are affected in the large 
majority of patients. There are two gross 
types: the usual infantile one comprised of 
innumerable small cysts with no great 
effect on the contour of the kidney, and the 
other, usually in the older patients, com- 
prised of fewer but larger cysts of widely 
varying diameters distorting the renal 
contour. Depending upon the stage of the 
disease, the nephrons will show hyper- 
trophy or atrophy with reduction in 
number. A mass may be felt in both flanks, 
or one (even though the disease is bi- 
lateral), depending upon the character and 
development of the cysts. The disease be- 
comes clinically manifest in either infancy 
or two or more decades thereafter with 
pain, hematuria, renal impairment pro- 
gressing to uremia and hypertension of 
varying degree. Hepatic and pancreatic 
cysts may be present as well as anomalies 
in other organs. Urography will demon- 
strate renal function consistent with the 
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clinical stage of the disease and pressure 
defects of the cysts upon the collecting 
system. Treatment is supportive; prognosis 
is poor. 

Thus, certain apparent differences. be- 
tween the two conditions stand out: 

1. Hereditary tendency: none in the con- 
genital unilateral multicystic kidney; strong 
in the congenital polycystic kidney. 

2. Lateralitv: the congenital unilateral 
multicystic kidney is invariably unilateral; 
the congenital polycystic kidney 1s bilat- 
eral. 

3. Pathologv: the stenotic or atretic 
ureter and the nephron of arrested de- 
velopment characterize the congenital uni- 
lateral multicvstic kidney; the atrophic 
nephron, the congenital polycystic kidney. 
The size of the cysts varies from small to 
large with loss of renal contour in the con- 
genital unilateral multicystic kidney; the 
cysts tend to be uniformly small with 
preservation of the renal contour in the 
infantile form of the congenital polycystic 
kidney. 

4. Associated anomalies: absent in the 
congenital unilateral multicystic kidney; 
common in the congenital polycystic kidney. 

5. Prognosis: excellent in the congenital 
unilateral multicystic kidney; poor in the 
congenital polycystic kidney. 

Is the congenital unilateral multicystic 
kidney a valid entity, apart from the congen- 
ital polycystic kidney? This may best be 
discussed in terms of the differential points 
enumerated above: 

1. Although no hereditary tendency has 
been perceived in the few cases of the 
congenital unilateral multicystic kidney 
heretofore reported, and this tendency 1s 
well recognized in the congenital polycystic 
kidney, it would be well to await the expe- 
rience from additional patients with con- 
genital unilateral multicystic kidney before 
regarding this as a valid differential point. 

2. It is impossible to exclude disease in 
the other kidney by a normal roentgeno- 
graphic appearance or by a normal palpa- 
tion at surgery. Nothing short of careful 
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section will do this.! Even the congenital 
polycystic kidney may be unilateral; 3 of 
62 cases in one series, 2 of 16 cases in 
another, and 18 per cent of a third series 
were unilateral? The differential point of 
laterality, therefore, loses its absolute 
value. 

3. Authoritative, first hand discussion of 
the pathology of the two conditions is be- 
yond the author’s field of competence, so 
he must depend upon Potter? and Gruber.’ 
“All the things that have been said about 
multicystic kidneys can be said about cer- 
tain polycystic kidneys. Our microdissec- 
tions show no differences in the pattern of 
tubular and nephron development in those 
cases that are unilateral and bilateral. My 
opinion is that the so-called multicystic 
kidney can occur in a unilateral or bilateral 
form and is one variety of polycystic kid- 
ney. s 

An attempt has been made to ditteren- 
tiate the congenital unilateral multicystic 
kidney from the congenital polycystic kid- 
ney by the practically constant hypoplastic, 
stenotic or atretic state of the pelvis and 
ureter in the congenital unilateral multi- 
cystic kidney.* Gruber, however, states 
that the pelvis and ureter of the polycystic 
kidney may be narrowed to a high degree, 
obliterated (verddet) or even missing.’ 

The use of the difference in size and 
uniformity of the gross cysts and of the 
absence or preservation of renal contour as 
a differential point in the two conditions 
clearly fails. Figure 452 from Potter’ shows 
polycystic disease with large cysts of widely 
varving size in one kidnev with distortion 
of its contour, and a few cysts visible only 
on microscopic examination in the other 
with preservation of its contour. 

Thus, we are led to believe that there 
are no pathologic grounds for separating the 
congenital unilateral multicystic kidnev and 
the congenital polycystic kidney. 

4. Our first case (v. infra) conforms very 
well with the concept of congenital uni- 
lateral multicystic kidney, except for the 
presence of a severe congenital cardiac 


VoL. 92, No. 2 


defect. Hence, the presence or absence of 
associated anomalies is a differential cri- 
terion of dubious worth, even if only be- 
cause of the impossibility of excluding a 
chance association of an anomaly with 
congenital unilateral multicystic kidney. 
Further, 3 of a very recent series of 7 cases 
of congenital unilateral multicystic kid- 
ney were associated with severe congenital 
anomalies.!? 

5. Most of the reported cases of con- 
genital unilateral multicvstic kidnev have 
not had sufficiently long follow-up to ex- 
clude the supervention in early and middle 
adulthood of morbidity and mortality so 
characteristic of the congenital polycystic 
kidney. It is entirely possible that some of 
the contralateral kidneys considered nor- 
mal roentgenologically and by palpation at 





lic. 1. Case 1. Arrows indicate soft tissue mass on 
left side, suspiciously polycyclic. No function was 
, y polyc) 
present. The right side is apparently normal. 
The umbilical hernia is indicated by “X.” 
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Nonfunctioning polycyclic ri 
sided mass is indicated by arrows. Left sidi 


Fic. 2. Case Il. 


apparently normal. “X” indicates the umbil 
hernia. 


surgery will later prove to be affected 
cysts, and assume the typical clinical p 
ture of the congenital polycystic kidne 


REPORT OF CASES 


Case 1. G.S, a white female neonate, \ 
noted to have a large mass in the left fl: 
shortly after birth. An intravenous pyelogr 
disclosed a large mass extending down be 
the crest of the left ilium. There was no fu 
tion on this side; the right side was norn 
An umbilical hernia was present. The 
pression was an abnormal left urinary tri 
probably hydronephrosis or tumor (Fig. 
Surgery was done on the ninth day of | 
The specimen, 3X2X 13 inches in size, wa 
distorted polycystic mass which could not 
identified as kidney. The cysts varied in 
from minute up to 14 inches. The renal pe 
was almost nonexistent. Although a few mat 
glomeruli were present, they were infreque 
Other glomeruli were definitely arrested 
some fetal stage. In the stroma, embryonic 
fetal-type cells in some foci and occasion: 
micro-areas of pseudocartilaginous metapl: 
were present. In other words, some element: 
a teratoma were found and this suggested t 





Fic. 3. Case rr. Operative specimen. 


other developmental defects might be present 
in this child. The pelvic area was thin, slit- 
like, surrounded by fibrous stroma. Diagnosis: 
congenital polycystic kidney. Two months later 
the child was re-admitted in heart failure. She 
was transferred to another hospital where she 
died during heart surgery for a septal defect. 
The remaining kidney was said to be normal 
at autopsy. 


Case rr. L.B., a 16 month old Negro female, 
was admitted because of a large right-sided 
abdominal mass and retarded growth despite 
normal appetite and activity. Roentgenologic 
examination showed a mass in the right side of 
the abdomen with a polycyclic contour, with 
no function. An umbilical hernia was present. 
The left urinary tract was normal. The im- 
pression was a multicystic kidney (not poly- 
cystic), rather than a large tumor or massive 
hydronephrosis, and an umbilical hernia (Fig. 
2). The specimen was an irregular polycystic 
mass of discrete and confluent cysts (Fig. 3), 
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all of which measured about 12X8X4 cm. 
The cysts averaged I to 4 cm. and were dis- 
tended with clear amber fluid. Towards the 
central area of the mass, there was a nubbin of 
firm tissue measuring about 2 cm. Sections of 
the cyst walls showed a fibrocollagenous stroma 
of varying thickness, having a lumen side of 
compressed collagen type stoma with and 
without a flattened cuboidal or mesothelial 
tvpe cell lining. Especially toward the cen- 
tral section of the firm mass, a few 
prisingly well developed glomeruli and tubules, 
and also many poorly formed and poorly de- 
veloped glomerular tufts and tubular struc- 
tures were found. Diagnosis: congenital poly- 
cystic kidney. 


Sur- 


SUMMARY AND CONCLUSIONS 


1. The concept of congenital unilateral 
multicystic disease of the kidney is that of 
a multicystic flank mass in an otherwise 
normal patient, usually with no kidney 
function on that side, with good prognosis 
following ablation, and no hereditary ten- 
dency or associated anomalies. 

2. The validity of certain criteria classi- 
fying this condition as a separate entity 
apart from congenital polycystic disease is 
discussed. 

3. In the present state of our knowledge, 
there is no justification for the separation 
of congenital unilateral multicystic disease 
and congenital polycystic disease. 
Department of Roentgenology 
Mary Washington Hospital 
Fredericksburg, Virginia 

Thanks are expressed to Dr. William Hol- 
lister of Fredericksburg, Virginia, for his help- 
ful suggestions. 
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PARARENAL PSEUDOCGYSIS* 
REPORT OF 3 CASES 


By HERBERT D. WEINTRAUB, M.D.,T KENNETH L. RALL, M.D.,t IAN M. THOMPSON, 
M.D.,£ and GILBERT ROSS, Jr., M.D.t 


COLUMBIA, MISSOURI 


[incen injuries due either to 
trauma or occurring at the time of sur- 
gery are well known to the urologist. A 
review of some of these injuries in which 
some important roentgenologic signs were 
discussed has recently been published.? It 
is our purpose to report the roentgen ap- 
pearance of another complication of ure- 
teral injurv, the pararenal pseudocvst. 
This is probably familiar to most urologists 
but it has not, in the past, received proper 
radiologic attention. 


REPORT OF CASES 


Case 1. O.Y., a 41 year old white female, was 
admitted because of a mass in the right flank 
which had been rapidly increasing in size. 
Twelve years previously, the patient had had a 
left salpingo-oophorectomy. Four months prior 
to admission, she underwent a suprapubic 
hysterectomy and a right salpingo-oophorec- 
tomy. At operation, a large benign cyst was 
found in the right ovary. Several weeks later, 
she began having constant pain in her right 
flank and was admitted to another hospital. A 
mass was found in the right side of her abdomen 
which was incised and drained. Urine was ob- 
tained from this mass. Within 2 months, the 
mass re-appeared and again urine was drained 
from it. Because this mass re-appeared for the 
third time and was enlarging rapidly, she was 
transferred to our hospital. 

On physical examination, a mass in the right 
flank which was tender to palpation was noted. 
The remainder of the physical examination was 
within normal limits. 

On admission, her hemoglobin, hematocrit, 
white blood cell count and urinalysis were with- 
in normal limits. The blood urea nitrogen was 
15 mg. per cent with a serum creatinine of 
0.9 mg. per cent. The first urine culture showed 
no growth, but a repeat urine culture grew Æ. 
coli and Proteus mirabilis. 


A catheter was inserted percutaneouslv into 
the mass and 2.5 liters of urine were obtained. 
Contrast medium was then instilled into the 
cavity. On studies, the cavity appeared smooth 
and measured 17X12 cm. (Fig. 1.7). An intra- 
venous urogram revealed a normal left col- 
lecting system, but no excretion on the right 
side. Right retrograde pyelography was at- 
tempted, but only the distal 3 cm. of the right 
ureter could be delineated (Fig. 1B). 

At operation, the right kidney appeared to 
be moderately enlarged. The extraperitoneal 
mass was closely attached to the right kidney, 
and upon opening this mass, necrotic tissue 
was found. The ureter opened into this mass, 
but was completely severed at the uretero- 
pelvic junction, An attempt to find the remain- 
ing ureter was unsuccessful, and further ex- 
ploration showed that the right kidney was 
hydronephrotic. A right nephrectomy was then 
performed. The patient had an uncomplicated 
postoperative course. 


Case u. D.S., a 40 year old white female, 
had had a bilateral salpingo-oophorectomy and 
an abdominal hysterectomy for uterine fibroids 
and a right para-ovarian cyst. Operative dis- 
section was said to have been difficult due to 
the size of the mass and adhesions. A pelvic 
examination at 6 weeks was negative, and the 
patient complained only of light pelvic dis- 
comfort. Four months following the original 
surgery, a nontender right flank mass was dis- 
covered. Two weeks later, she was admitted to 
the hospital since this flank mass had rapidly 
increased in size and she now had severe right 
flank pain. 

On physical examination, a 12X12 cm. firm, 
tender, and immobile mass was palpated in 
the right lower quadrant of the abdomen. 

Admission blood work was normal. The 
blood urea nitrogen was 12 mg. per cent with a 
serum creatinine of o.9 mg. per cent. Urinalysis 
was normal except for 6 to 8 white blood cells 
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Fic. 1, Case r. (4) Roentgenogram showing the urine containing cavity which has been opacified by contrast 
medium. Note the smooth walls. (B) A retrograde pyelogram outlines the distal right ureter. The pseudo- 
cyst has been evacuated and a tube has been left in placein the cavity. 


per high power field. Urine culture showed no 
growth. 

A plain roentgenogram of the abdomen re- 
vealed a 12X 12 cm. right lower quadrant soft 
tissue mass which was not attached to the right 
kidney (Fig. 277). This mass was also seen on 
the lateral abdominal roentgenogram (Fig. 2). 
Right retrograde pyelography delineated the 
distal portion of the right ureter to the level of 
the right flank mass (Fig. 2C). A percutaneous 
puncture of the mass was performed and 
opaque medium was injected after a small 
amount of serosanguineous fluid had been re- 
moved from the mass. A smooth walled cyst 
was demonstrated (Fig. 2D). 

Following this procedure, the retroperitoneal 
space was opened and a large cavity filled with 
urine was found. Since it was felt that anasto- 
mosis of the ureter to the bladder could not be 
technically accomplished, a right uretero- 
nephrectomy was carried out. The patient did 
well postoperatively. 


Case 111. E.W., a 49 year old white male with 
known bilateral renal calculi for 13 years, was 
admitted because of an enlarging left flank 
mass. A calculus had been removed from either 
the left distal ureter or bladder several weeks 


before at another hospital; however, in the 
postoperative period, a left flank mass de- 
veloped. 

Upon admission, a slightly tender mass was 
palpated in the left lower quadrant and flank. 
The physical examination was otherwise unre- 
markable except for a slightly elevated tem- 
perature. The blood urea nitrogen was 35 mg. 
per cent with a serum creatinine of 1.6 mg, 
per cent. Urine culture was negative, although 
some white blood cells were seen on micro- 
scopic examination, 

A plain roentgenogram of the abdomen 
showed bilateral renal calculi. In addition, a 
large mass, measuring 21X15 cm., was seen 
filling the left lower quadrant. The left kidney 
was rotated and displaced upward by this mass, 
but there was a definite separation between the 
mass and the left kidney (Fig. 34). An intra- 
venous urogram showed delayed excretion and 
hydronephrosis on the left (Fig. 3B). Only the 
proximal 3 cm. of the left ureter was seen, and 
this was dilated (Fig. 3C). At the same time 
that a nephrogram was seen on the left, the 
mass became opacified. An attempted retro- 
grade pyelography was not successful. 

A needle aspiration of this mass yielded 
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Fic. 2. Case m. (4) A line of separation can be seen between the pseudocyst (straight arrows) and the 
kidney (curved arrow). (B) A lateral study shows the large urine containing cavity (arrows). (C) A right 
retrograde pyelogram demonstrates only a small segment of the distal ureter. (D) Opaque medium has been 


instilled into the pseudocyst. Note the smooth contour of the cyst. 


VoL. 92, No. 2 Pararenal Pseudocysts 289 





Fic. 3. Case m1. (4) The left kidney is dis- 
placed upward and rotated by the large 
pseudocyst. Note the clear separation be- 
tween the kidney and the pseudocyst. (B) 
The 5 minute intravenous urogram demon- 
strates a nephrogram on the left with opaci- 
fication of the pseudocyst. (C) A later uro- 
gram shows dilatation of the left renal pelvis 
and proximal ureter. 
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clear, concentrated urine and a drain was left 
in place until definitive surgery could be per- 
formed. At operation, the distal 6 to 7 cm. of 
the ureter could not be identified; therefore, an 
anastomosis between the dilated proximal 
ureter and the bladder was done. 


DISCUSSION 


In 1962, Sauls and Nesbit® reviewed the 
previously reported cases, and added 4 of 
their own. The name “pararenal pseudo- 
cvst" was chosen because the authors felt 
that this best described the underlving 
process. Before their report, this condition 
was known by several names; 7.e., pseudo- 
hvdronephrosis, perirenal cvst and peri- 
nephric cyst. 

Hawkins” description of a case in 1834 
is believed to have been the first. Several 
davs after treating an injured child, a mass 
appeared in the flank. Autopsy revealed a 
large collection of urine in the retroperi- 
toneal space, apparently the result of holes 
in the renal pelvis. Three cases were re- 
ported by Crabtree? in 1935 and he also 
reviewed the literature, collecting 20 addi- 
tional cases. Reference to the extraperi- 
toneal extravasation of urine as the result 
of trauma to the ureter was made by Coe: 

A pararenal pseudocyst as a complica- 
tion of surgery was not reported until 
Pyrah and Smiddv? observed such a case 
following pvelolithotomy. A review of the 
literature has revealed only 3 other cases 
due to postoperatwe complications. 

Although the pathogenesis of the forma- 
tion of this cystic structure is not always 
clear, in certain cases the mechanism is 
apparent. It depends upon the presence of 
a small continuous leak of sterile urine 
through a defect in the ureter. This 1s slow 
enough so that it is not detected immedi- 
ately; however, it must be sufficiently 
rapid so that urine is not re-absorbed. 
Partial distal obstruction is undoubtedly 
an additional prerequisite.’ 
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ROENTGEN FINDINGS 


History of an enlarging flank mass over 
a period of weeks or months following pel- 
vic or ureteral surgery or after trauma 
should raise the suspicion of a pararenal 
pseudocyst.’ A plain roentgenogram of the 
abdomen shows a mass of water density 
with smooth margins. The renal shadow 
may be displaced upward and rotated, but 
usually a definite line of separation between 
the mass and the kidney can be seen. 
Intravenous urography can be of value by 
revealing the displacement of the ureter or 
the kidney. In addition, there is a possibil- 
itv that the mass may become opacified 
during intravenous urography. 


SUMMARY 

Three cases of pararenal pseudocvsts are 
described and the possible pathogenesis 1s 
reviewed. The criteria for a roentgen diag- 
nosis are also given. 
Herbert D. Weintraub, M.D. 
Department of Radiology 
University of Missouri School of Medicine 
Columbia, Missouri 
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PHYSIOLOGY OF URETERAL OBSTRUCTION AS 
DETERMINED BY ROENTGENOLOGIC STUDIES* 
By MILTON ELKIN, M.D., SAUL BOYARSKY, M.D., JOSE MARTINEZ, M.D., 
and NEVILLE KAPLAN, M.D. 


BRONX, NEW YORK 


ATIENTS with acute ureteral obstruc- 

tion show various roentgenographic 
findings on study by intravenous urog- 
raphv.*9'* The variations include: de- 
grees of enlargement of the involved 
kidney; degrees of excretion of the opaque 
material into dilated calvces; and degrees 
of opacification of the renal parenchyma. 

In an attempt to elucidate some of the 
physiologic changes occurring with acute 
obstruction to the ureter, a series of studies 
have been done in the rabbit and the dog. 
This presentation will deal with: (1) the 
mechanism of excretion of the radiopaque 
media in the presence of an obstructed 
ureter to produce the nephrogram, (2) the 
relation of the duration of obstruction as 
well as of the magnitude of the obstructing 
pressure on the intensity of the nephro- 
gram; and (3) the changes in the appear- 
ance of the renal vessels with acute ureteral 
obstruction. 


EXCRETORY NEPHROGRAM 


With the newer contrast media of higher 
iodine content and used in larger doses, 
there is normally slight opacification of the 
renal parenchyma during intravenous urog- 
raphy, due to the presence of the contrast 
medium in the luminar fluid of the renal 
tubules and collecting ducts in the process 
of ordinary excretion. This roentgeno- 
graphic appearance may be called the “ex- 
cretory nephrogram." 

In roentgenologic study of the kidneys, 
a number of contrast media have been de- 
veloped, all being excreted in the urine and 
all depending for their radiopacity on the 
content of the iodine atom. There are two 


general groups: the diiodo compounds with 
the basic structure being 3, § duodo-4- 
pyridone and the triiodo compounds with 
the basic structure of 2, 4, 6 triiodobenzoate. 
Diodrast is a member of the diiodo group; 
hypaque and urokon are triodo com- 
pounds. There have been differences of 
opinion as to the mode of excretion of these 
contrast media—whether by glomerular 
filtration or tubular excretion,’ !? 15.7» 

Diodrast has been thoroughly investi- 
gated by the physiologists, this material 
having been used in clearance studies to 
measure renal plasma flow. It is well known 
that diodrast in small plasma concentra- 
tion is handled almost entirely by the renal 
tubule cells. However, in this respect the 
methods of the radiologist are quite differ- 
ent from those of the physiologist. For clear- 
ance studies, the physiologist hydrates the 
subject to produce a state of diuresis and 
he uses a small dose of diodrast. The 
radiologist, on the other hand, dehydrates 
his patient and uses large doses of diodrast. 
In intravenous urography the plasma con- 
centration of diodrast may be Io or more 
times its level in clearance studies and the 
diodrast T 1s greatly exceeded. 

Thus, even though there may be differ- 
ences in the mechanism of excretion of the 
various contrast media when administered 
in small amounts, in the doses used by the 
radiologist in intravenous urography nor- 
mal excretion is chiefly by glomerular fil- 
tration rather than tubular secretion. 


OBSTRUCTIVE NEPHROGRAM 


Often, during intravenous urography per- 
formed in the presence of acute ureteral ob- 


* From the Departments of Radiology and Surgery of the Albert Einstein College of Medicine, Yeshiva University, Bronx, New York. 
This investigation was supported in part by Public Health Service Research Grant No. AM-03495, and James Picker Foundation 
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struction, the affected kidney becomes pro- 
gressively more intensely opacified during 
the course of the study. This is the ob- 
structive nephrogram. The site of ac- 
cumulation of the contrast medium in the 
obstructive nephrogram is not well under- 
stood. The various possibilities suggested 
are: (1) the contrast medium is in stagnant 
pools of fluid in the lumina of the tubules, 
having been filtered by the glomeruli—that 
is, the mechanism of excretion is the same 
as in the normal kidney; (2) the contrast 
medium is in the tubular fluid, having been 
actively excreted bv the cells of the tubules; 
(3) the contrast medium has piled up in 
the interstitial tissues of the kidney, pos- 
sibly in the stage of passage of the material 
from the peritubular capillaries to the 
cells of the tubules; and (4) the contrast 
material has accumulated intracellularly, 
within the cells of the tubules. 

Normally, the pressure in the renal pel- 
vis and ureter is at zero or near zero level. 
With acute obstruction to the ureter, the 
pressure in the pelvis and ureter rises in 
short order to $0 or even 125 mm. Hg, the 
exact level depending on the magnitude of 
diuresis, the pressure being greater in a 
diuretic kidney. 9: 

It this rise in pressure were great enough 
to stop all glomerular filtration, then obvi- 
ously the nephrogram appearing in a subse- 
quent intravenous urogram could not be 
due to glomerular filtration of the contrast 
medium. Inasmuch as passage of fluid 
through the glomerular membrane is be- 
lieved to follow the dictates of a simple 
ultrafiltrate, the question might be ap- 
proached simply by a consideration of the 
mechanical pressures involved. The pres- 
sure favoring flow from plasma to Bow- 
man's capsule is the glomerular capillary 
pressure minus the sum of the plasma on- 
cotic pressure and the intratubular pressure. 
Glomerular capillary pressure 1s about 60 
to 75 mm. Hg. Plasma oncotic pressure is 
about 25 mm. Hg. Thus, if the intratubular 
pressure is less than 35 to 50 mm. Hg, 
filtration should be possible. However, if 
with ureteral obstruction the intratubular 
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pressure reaches the magnitudes of intra- 
pelvic pressure, which as just noted rises 
above 50 mm. Hg, then in a closed system 
there would be cessation of ultrafiltration 
at the glomerulus and the obstructive 
nephrogram could not be due to glomeru- 
lar filtration of the contrast medium. 

Unfortunately, this simple explanation 
will not do. Even with complete ureteral 
obstruction, the pools of fluid in the 
nephrons are not stagnant. There is a con- 
tinuation of fluid flow down the tubules into 
the renal pelvis. This is obvious from the 
fact that a pyelogram may appear during 
urography even if the ureter has been 
ligated, indicating that fluid continues to 
reach the calyceal system from the neph- 
rons. This fluid flow could, of course, be 
related entirely to tubular activity. How- 
ever, there is evidence that glomerular 
filtration does continue. Salomon and 
Lanza" measured inulin levels in renal 
arterial and venous blood in the rat. The 
kidney excretes inulin only by glomerular 
filtration. Four hours after bilateral ure- 
teral ligation, the inulin extraction ratio 
was 67 per cent of normal. Thus, in spite 
of complete ureteral obstruction, the kid- 
neys continued to clear inulin from the 
blood, indicating persistence of glomerular 
filtration. 

There are several possible explanations 
for the continued glomerular filtration in 
spite of the raised pressures with ureteral 
obstruction: (1) the calyceal system is not 
a rigid box but exhibits an ability to dilate 
immediately with increases in intrapelvic 
pressure. This is apparent from observa- 
tions at retrograde pvelographv, where 
with increase 1n pressure of retrograde in- 
jection there is an increase in the volume of 
the calvceal svstem. Hence, with acute 
obstruction and consequent rise in intra- 
pelvic pressure, the calyces and pelvis will 
dilate, allowing the acceptance of contin- 
ued increments of fluid; (2) also, there is 
evidence that with increased intrapelvic 
pressure, fluid passes from the calvces 
into the perisinal lymphatics and veins, 
making room for additional flow of fluid 
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from the tubules; and (3) with occlusion of 
the ureter, there is active reabsorption of 
sodium and other solutes along the neph- 
ron, obligating further water reabsorption. 
This loss of water from the lumen of the 
tubule results in a decrease in the turgor 
pressure of the nephron, allowing addi- 
tional glomerular filtration. 

Hence, the increased intrapelvic and 
intratubular pressure is not constant but 
is variable; it is likely that intermittently 
pressures will fall low enough to allow 
glomerular filtration to occur. It is thus 
possible that even with complete ureteral 
obstruction the nephrogram could be due 
to glomerular filtration of the opaque 
medium. 

Tubular excretion of a compound de- 
pends on active transport from the plasma 
into the tubule cell and then into the lumen 
of the tubule. One or several enyzme sys- 
tems are concerned with this transport. 
Different compounds are believed to be 
transported by the same system, these 
compounds thus competing for the same 
road of transport. If the route is taken up 
completely or largely by one of this group, 
then another member cannot be carried 
from the plasma into the urine. PAH and 
diodrast are competitive substances for the 
same tubular transport system. Ureteral 
ligation was done in a group of fasted rab- 
bits, unilateral in some and bilateral in 
the others. Thirty minutes later 10 cc. of 
20 per cent PAH was given intravenously 
followed in 15 minutes by the administra- 
tion of the contrast medium. Hypaque, 
urokon and diodrast were used. The stand- 
ard dose was $0 per cent hypaque, I cc. 
per kg. The other compounds were given 
in equal dosage measured as milligrams of 
iodine per kilogram body weight of animal 
and that concentration of each compound 
was chosen to allow the administration of 
roughly equivalent amounts of solution per 
kilogram in parallel experiments. Roent- 
genograms were made at 5, 15, 30, 60, and 
120 minutes after the intravenous injection 
of the contrast medium. The control group 
was treated similarly except that 10 cc. of 


Ureteral Obstruction 293 


saline was given instead of the PAH. The 
animals of the control group all showed ex- 
cellent nephrograms. There appeared to be 
no significant differences in the intensity or 
timing of the obstructive nephrogram re- 
lated to the opaque medium used (Fig. 1, 
a, b and c). In the PAH group the nephro- 
gram was completely absent or decidedly 
diminished in intensity (Fig. 2, a and 7; 
and 3, a and 4). Edling and co-workers? had 
tested diodrast in this regard with results 
similar to ours. 

Inasmuch as the PAH is a tubular com- 
petitor, the marked diminution or absence 
of theobstructive nephrogram in the experi- 
mental group suggests that the appearance 
of the nephrogram in the rabbits with 
ureteral obstruction and without PAH is 
related to the tubule transport system, that 
the accumulation of the material is either 
in the tubule cells themselves or in the 
tubular fluid, having reached the fluid via 
the tubule cells. It appears from these ex- 
periments that in obstruction also the 
contrast media of both groups—diiodo and 
triiodo—are handled similarly, that in the 
presence of raised intrapelvic pressure 
they appear in the urine via tubular excre- 
tion. 

An objection could be raised that PAH 
might also interfere to a great extent with 
glomerular filtration and that the PAH 
effect 1s not truly due to its tubular compet- 
itive action. McDonald eż aZ? in a series 
of clearance experiments demonstrated that 
PAH exerts onlv a slight interference to 
glomerular filtration. However, conditions 
might be different with ureteral obstruc- 
tion. As has been indicated, the persistence 
of glomerular filtration in the presence of 
obstruction may be due initially to the ex- 
pansibility of the volume of the calyceal 
system and later to circulation via pyelo- 
sinous backflow. It, however, this potential 
increase in space were quickly filled by 
fluid, as by an osmotic diuretic, then fur- 
ther glomerular filtration would be mark- 
edly diminished or completely precluded. 
Could then PAH being excreted by the 
tubular cells hold with 1t enough fluid vol- 
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ume in the nephron lumen to preclude fur- 
ther significant glomerular filtration—7.e., 
in the large amounts of PAH used in our 
experiments, could its effect be due to a 
diuretic action rather than to the mecha- 
nism of competition for tubular excretion? 
In other words, can a diuretic per se pre- 
vent the appearance of the obstructive 
nephrogram? To test this hypothesis, the 
following experiment was done. Thirty 
minutes after ligation of both ureters, the 
rabbit was given IO cc. of 25 per cent 
mannitol solution intravenously, followed 
in I§ minutes by intravenous hypaque. 
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l'1G. 1. Obstructive nephrograms with 
(a) hypaque, (4) diodrast and (c) 
urokon, 30 minutes after injection of 
the contrast medium. 


Good nephrograms appeared (Fig. 4). 
Thus, since the nephrogram still appears 
with mannitol, the mechanism of PAH in 
preventing the obstructive nephrogram is 
most likely not due to a diuretic action. 


EFFECT OF DURATION OF OBSTRUCTION 
ON THE INTENSITY OF THE 
NEPHROGRAM 

If ureteral obstruction persists, what 
happens to the obstructive nephrogram? 
For this problem two groups of experi- 
ments were done. 

The first set of experiments was devised 
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l'1G. 2. (a) Intense nephrogram 30 minutes after administration of hypaque. (4) The intensity of the nephro- 
gram with hypaque has been markedly diminished by prior administration of para-amino-hippuric acid 


(PAH). 


to answer the question: “What happens to 
the intensity of the obstructive nephro- 
gram over the course of several hours of ob- 
struction?" Rabbits were all prepared sim- 
ilarly by 24 hours of fasting. Both ureters 
were ligated and then after different dura- 
tions of obstruction, intravenous urography 
was done with 50 per cent hypaque, 1 cc. 
per kg. Roentgenograms were made 1, 5, 15, 
30, 60, and 120 minutes after the hypaque 
was administered. Groups of animals (3 to 
a group) were examined at various intervals 
up to 6 hours after ureteral ligation. With 


obstruction for up to 6 hours, the nephro- 
gram remained intense—that is, during 
this period whatever function is necessary 
to produce the nephrogram seems to remain 
intact in spite of the bilateral obstruction 
(Fig. 5, a, P and c). 

The second set of experiments was ad- 
dressed to the question: “What happens 
over the course of several davs or weeks of 
obstruction?" Inasmuch as continued sur. 
vival of the animal was necessary for these 
experiments, only one ureter was ligated 
in each animal. Intravenous urography was 





l'1G. 3. (a) Intense nephrogram with large dose of diodrast after bilateral ureteral ligation. (4) Same dose 
of diodrast as in a. The intensity of the nephrogram has been markedly diminished by the prior administra- 


tion of PAH. 
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Fic. 4. Prior administration of a diuretic (mannitol) 
does not interfere with the appearance of the 
obstructive nephrogram. 


done immediately after the ligation and at 
intervals of davs after ligation up to 31 
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davs. Hvpaque was administered in dosage 
of 2 cc. per kg. The nephrograms were 
classified as zero to four plus, zero indicat- 
ing no increase in renal parenchymal inten- 
sity over that on the scout roentgenogram 
and four plus representing intense opacif- 
cation. As seen in Figure 6, there is in 
general progressive diminution in the in- 
tensitv of the nephrogram with increasing 
duration of obstruction. However, a moder- 
atelv intense nephrogram may still appear 
after 5 davs of complete ureteral obstruc- 
tion. 


EFFECT OF MAGNITUDE OF URETERAL 
PRESSURE ON THE OBSTRUCTIVE 
NEPHROGRAM 


Does the magnitude of the raised ureteral 
pressure influence the intensity of the ob- 
structive nephrogram? In the rabbit experi- 


l'1G. 5. (a) Obstructive nephrogram with ad- 
ministration of 50 per cent hypaque (1 cc. 
per kg.) 15 minutes after bilateral ureteral 
ligation. (7) Obstructive nephrogram with 
administration of 50 per cent hypaque (1 cc. 
per kg.) 30 minutes after bilateral ureteral 
ligation. (c) Obstructive nephrogram with 
administration of £o per cent hypaque (1 cc. 
per kg.) 6 hours after bilateral ureteral 
ligation. 
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ments with ureteral ligation, no actual 
measurements could be made of ureteral 
pressures reached. In order to study the 
effect of known ureteral pressure on the 
obstructive nephrogram, a number of ex- 
periments was done on the dog. 

With intravenous nembutal as anesthesia, 
mongrel dogs were prepared by isolation of 
both ureters and a French No. 6 catheter 
was tied into the lower one-third of each 
ureter. Predetermined pressures were ap- 
plied to either or both ureters by a fluid- 
filled system connected to a pressure bottle 
and a mercury manometer. After 30 to 45 
minutes of applied pressure, 50 per cent 
hypaque was administered intravenously 
at a dose of 1 cc. per kg. In most experi- 
ments pressure was applied unilaterally 
although in a few instances pressure was 
applied to both ureters. At pressures below 
100 mm. Hg, a pyelogram usually appeared 
as well as the nephrogram. With pressures 
up to 150 mm. Hg, an intense nephrogram 
was usually produced (Fig. 7). At 200 
mm. Hg, the intensity of the nephrogram 
was reduced decidedlv (Fig. 8). 

The authors have no evidence to allow 
relation of ureteral and pelvic pressures to 
the intratubular pressures, but these experi- 
ments indicate that at the markedly raised 
ureteral pressure of 200 mm. Hg, renal 
damage can be produced as shown by the 
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lic. 6. The intensity of the nephrogram decreases 
with prolonged obstruction. 
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Fic. 7. Before administration of 50 per cent hypaque, 
120 mm. Hg pressure was applied to the left ureter 
of the dog for 30 minutes with production of an 
intense nephrogram. No pressure was applied to 
the right ureter. 


poor nephrogram. This damage is not im- 
mediately reversible since: (1) lowering of 
the pressure from 200 mm. Hg to 100 mm. 
Hg did not result in an improvement in the 
intensity of the nephrogram (Fig. 9). In 
this dog a pressure of 200 mm. Hg had 
been applied for 30 minutes before hypaque 
was administered. intravenously. As ex- 
pected at this high pressure, the obstruc- 
tive nephrogram appeared of poor intensity. 
Lowering of the ureteral pressure to 100 
mm. Hg on each side caused no improve- 
ment in the intensity of the nephrogram; 
(2) preliminary application of 200 mm. Hg 


Fic. 8. Before administration of 50 per cent hypaque, 
200 mm. Hg pressure was applied to the left 
ureter for 30 minutes with the appearance of a 
nephrogram of reduced intensity. No pressure was 
applied to the right ureter. 





lic. 9. Poor nephrograms resulted with ureteral pres- 
sure of 200 mm. Hg bilaterally. Intensity of the 
nephrograms was not improved by lowering the 
ureteral pressure to 100 mm. Hg. 


to the ureter for 15 minutes led to a poor 
nephrogram with administration of the 
hvpaque at 100 mm. Hg ureteral pressure 
(Fig. 10). In this dog 200 mm. Hg pressure 
was applied to the right ureter for 15 min- 
utes and then 100 mm. Hg for 30 minutes, 
whereas 100 mm. Hg was applied to the 
left ureter for the entire 45 minutes before 
the injection of the contrast medium. Ap- 
plication of a lower pressure to the ureter 
such as 130 mm. Hg showed no evidence 
of diminution of a subsequent obstructive 
nephrogram (Fig. 11, a and ô). 

The fact that marked increase in ureteral 
and pelvic pressure causes renal damage 
most likely indicates that there is trans- 
mission of this high pressure back to the 
renal tubules. This is contrary to the con- 
cept that a rise in pelvic pressure results in 
closing of the foramina of the papillae, so 
that a resultant increase in the intratubular 
pressure is limited to the pressures of renal 
secretion.? Our experiments suggest that 
there is no effective protective block at the 
papillae for high intracalyceal pressures. 


RENAL VASCULARITY 


It had been shown previously in the dog 
and the rabbit that several davs to several 
weeks after ureteral ligation there is a 
marked fall in renal blood flow and a de- 
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crease in the size of the main renal artery to 
about 50 per cent of its initial value.” 
However, what are the immediate vascular 
changes? 

Selective renal angiographies were done 
in the dog before and after acute ureteral 
obstruction. For study of renal vascular 
changes in the presence of ureteral obstruc- 
tion, organic iodides would be especially 
unsuited because of the obscuration of the 
intrarenal veins by the intense obstructive 
nephrogram. Thus, thorotrast, which is not 
excreted by the kidney, was used, 0.2 to 0.3 
cc. per kg. body weight. 

Ureteral ligation was not done, but pre- 
determined pressures were applied to the 
ureter. In the dog the intrapelvic pressure 
will rise rapidly after‘ureteral obstruction 
to levels of 50 to roo mm. Hg. Hence, in 
some of the experiments a pressure of 50 
mm. Hg was applied to the ureter, and in 
other experiments a pressure of 100 mm. 
Hg. The results were similar at both pres- 
sures. No significant change occurred in the 
caliber of the main renal artery or of its 
major branches (Fig. 12, a and 2). On the 
other hand, a dramatic change occurred in 
the appearance on the intrarenal veins— 
they became narrowed, irregular in caliber 
and spread. The main renal vein appeared 
unaltered. These changes in the intrarenal 
veins occurred within minutes after institu- 





Fig. 10. Preliminary application of 200 mm. Hg pres- 
sure to the right ureter for 15 minutes resulted in 
a poor nephrogram at 100 mm. Hg as compared to 
the left side where the pressure had been 100 mm. 
Hg for the entire period. 
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Fic. 11. (4) Good nephrogram was obtained at ureteral pressure of 130 mm. Hg with £o per cent hypaque. 
(4) After drainage of the ureter for 60 minutes, 130 mm. Hg was again applied to the ureter and h ypaque 
was again administered. The previous pressure of 130 mm. Hg did not interfere with the intensity of the 
subsequent nephrogram. 








Frc. 12. (a) Control thorotrast angiogram with no pressure applied to the ureter, arterial phase. (7) Thoro- 
trast angiogram after 5o mm. Hg pressure had been applied to the ureter for 2 hours. There is no significant 
change in the appearance of the arteries as compared to the control. 
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tion of the increased intraureteral pressure these changes in the renal veins are due to 
and remained after over 1 hour of drainage increased intrarenal pressure resulting from 
of the ureter (Fig. 13, a-d). It is likely that dilatation of the tubules and calvceal sys- 





liG. 13. (a) Control thorotrast angiogram, venous phase. (6) Marked change in the appearance of the intra- 
renal veins after 10 minutes of 50 mm. Hg pressure to the ureter. (c) Persistence of the changes in the intra- 
renal veins after 2 hours of so mm. Hg pressure to the ureter. (d) Changes in the intrarenal veins still persist 
after 2 hours of ureteral drainage. 
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tem because of the ureteral obstruction. 
But there must also be interstitial renal 
edema as well, otherwise the venous altera. 
tions should regress promptly on drainage 
of the obstructed ureter, and they do not. 
Obviously, no valid conclusions can be 
drawn from these experiments as to pos- 
sible changes in renal blood flow. 


CONCLUSIONS 


These experiments indicate that the ob- 
structive nephrogram is related to tubular 
excretion of the contrast medium. If the ac- 
cumulation of the opaque medium were 
onlv in the tubular fluid, then there should 
be rapid disappearance of the nephrogram 
after release of the ureteral obstruction. 
However, the nephrogram usually persists 
for many minutes after drainage of the 
ureter. Hence, the obstructive nephrogram 
probably represents to some extent accumu- 
lation of the contrast medium within the 
cells of the tubules. 

Using the intensity of the obstructive 
nephrogram as a measure of renal func- 
tion, the magnitude of increased pressure 
on the renal pelvis and tubules resulting 
from acute ureteral obstruction will not 
produce, at least for several days, severe 
renal damage. On the other hand, markedlv 
increased intrapelvic pressure such as 200 
mm. Hg will cause renal damage rapidly. 
This may be of some concern in the tech- 
nique of performing retrograde pyelog- 
raphy. 

Acute ureteral obstruction results in a 
rapid change in the appearance of the intra- 
renal veins, with no detectable immediate 
change in the appearance of the main renal 
artery or of the intrarenal arteries. 


Milton Elkin, M.D. 

Department of Radiology 

Albert Einstein College of Medicine 
Yeshiva University 

1300 Morris Park Avenue 

Bronx 61, New York 
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I^ ALLYL INULIN FOR THE DETERMINATION 
OF GLOMERULAR FILTRATION RATE* 
By J. P. CONCANNON, R. E. SUMMERS, R. BREWER, C. COLE, C. WEIL, 
and W. D. FOSTER 


PITTSBURGH, PENNSYLVANIA 


HE determination of the glomerular 

filtration rate, effective renal plasma 
How and maximal rate of tubular excretion 
(Im) is of great value in the study of 
renal physiology and in the studv of 
pathologic alterations in renal function. 
The usual chemical determinations of these 
clearance rates are long, time consuming 
and subject to considerable experimental 
error. Only a few hospitals perform these 
studies on a routine basis. Patients with 
renal disease in many hospitals, therefore, 
are deprived of the benefit of these refined 
techniques for the studv of their renal 
function. 

In recent vears, there has been consider- 
able interest on the part of many investig- 
ators in using radioactive compounds for 
the determination of the various renal 
clearance rates. P-aminohippurate has been 
tagged with C™ and H? and used to deter- 
mine effective renal blood flow. The use of 
C'* carboxyl labeled inulin as a tracer for 
inulin has been described by  Cotlove.? 
He was able to show that glomerular filtra- 
tion rate values were identical whether 
determined by the chemical or by the 
radioactive method. However, the use of 
these beta labeled compounds, at the pres- 
ent time, 1s impractical for the determina- 
tion of renal clearance rates since few gen- 
eral hospitals have the liquid scintillation 
counting apparatus which would be desir- 
able for these determinations. 

Compounds tagged with gamma emitting 
isotopes have been used to determine 
glomerular filtration rate and effective renal 
blood flow. In 1956, Schlungbaum and 
Billion? described the use of D labeled 
diodrast to determine the diodrast clear- 
ance (Cp), as a measure of renal plasma 


flow. Parker and Beierwaltes,? in 1960, also 
described the use of I?! labeled diodrast for 
the determination of renal plasma flow. 
They extended their study to include the 
determination of the maximal rate of 
tubular excretion of diodrast (Imp). In 
their investigation, the simultaneous deter- 
mination of the glomerular filtration rate 
essential to the proper determination of 
Tmp was done by chemical analysis of 
inulin in blood and urine, (Cin). They stated 
that the substitution of radioactivity sim- 
plified the determination of diodrast in 
blood and urine. They also demonstrated 
that there was a reasonable agreement be- 
tween their measurement of the diodrast 
clearance determined by the use of I?! 
labeled diodrast and that found by other 
investigators by chemical analysis of 
stable diodrast. Similar conclusions were 
drawn concerning the validity of their Tmp 
measurements with radioactive diodrast. 
Despite the fact that the assay of diodrast 
in plasma and urine was simplified bv 
gamma ray counting, its value was min- 
imized in the determination of the Tmp, 
since the glomerular filtration rate was de- 
termined by chemical analysis of inulin. 

It had been shown by other investigators 
that inactive hippuran (ortho-iodohippu- 
rate sodium) had the same renal clearance 
as p-amino-hippuric acid (PAH), which is 
commonly used to determine renal plasma 
How. Studies of effective renal plasma flow 
have been done with radioiodinated hip- 
puran and radioiodinated ortho-iodohip- 
puric acid. Burbank e£ 4/? found that values 
for effective renal plasma flow derived from 
the use of radioactive hippuran averaged 
12.9 per cent lower than those derived by 
chemical analvsis of PAH. The authors 
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thought that the difference between the 
values obtained by the different methods 
was due to free radioiodide in the radio- 
hippuran solution. They showed that the 
amount of free iodide was critical since less 
than 2 per cent free iodide resulted in an 
estimate of effective renal blood flow that 
was g.2 per cent low. They stated that the 
use of radioiodide free hippuran solution 
should result in clearance equal to the PAH 
clearance. Meschan eż al.* also showed that 
contamination of radioactive sodium ortho- 
iodohippurate with free I! resulted in 
diminished estimate of ERBF. These 
authors described a method for lowering 
the free iodide! to less than 1 per cent 
of the total activity of the radio iodinated 
ortho-hippurate. Meschan e£ a. in a later 
communication, indicated that the 
OP*HA: PAH ratio in experimental ani- 
mals varied between 0.61 and 0.87. 

The use of compounds tagged with 
gamma emitting isotopes and excreted only 
by glomerular filtration would simplify the 
determination of glomerular filtration rates. 
The use of these radioactive substances in 
conjunction with the use of radioactive 
hippuric acid derivatives would allow the 
simultaneous determination of the glomeru- 
lar filtration rate, effective renal plasma 
flow and maximal rate of tubular excretion 
solely by radioactive methods. The simul- 
taneous determination of these clearance 
rates would require labeling of the test sub- 
stances with two different radioactive iso- 
topes, emitting gamma rays of different 
energies. 

Many compounds excreted through the 
kidneys by glomerular filtration have been 
tagged with gamma emitting isotopes. 
Stokes ef al." studied the use of hypaque 
labeled with I’! to measure the glomerular 
filtration rate. Thev found that less than 
20 per cent of the filtered hypaque was 
reabsorbed by the tubules and the clear- 
ance almost equaled that of creatinine dur- 
ing osmotic diuresis. However, the varia- 
tion of the hypaque clearance with urine 
flow and osmotic loading complicated the 
use of this substance as an accurate method 
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of measuring glomerular filtration rate. The 
use of cobalt 57 vitamin B; was studied 
by Nelp and Wagner.’ After saturating 
protein binding sites with stable vitamin 
By, they were able to prove by stop flow 
studies in dogs that vitamin Bı: was not 
secreted or reabsorbed in the renal tubules 
and was excreted solely by glomerular 
filtration. They showed in patients, that 
the simultaneous clearances of free cobalt 
57 vitamin Bis and inulin were nearly 
identical. 

Inulin is the substance most frequently 
used to determine the filtration rate in 
man. In most published studies the values 
of filtration rates determined by the use of 
radioactive compounds have been com- 
pared with filtration rate values determined 
by chemical analysis of inulin in plasma 
and urine. It would appear reasonable that 
radioactive inulin would be the best radio- 
active substance to be used for the deter- 
mination of filtration rates. Brooks ef al? 
attempted to label inulin with I?! at a 
primary hydroxyl group but the final label- 
ing procedure was neither convenient nor 
efficient. They then introduced an allyl 
ether group into the inulin molecule fol- 
lowed by addition of iodine 131 at the 
double bond. The degree of substitution 
with allyl ether groups was found to be very 
small. The labeling process was efficient 
with 48 per cent of the iodine attaching to 
the allyl inulin after a 24 hour reaction 
time. It was shown that, after the allyl 
inulin was passed through an anion resin 
exchange column, only 2 per cent of the 
radioactivity was present in the form of 
free iodine in the final allyl inulin solution. 

These investigators injected rabbits in- 
travenously with a mixture of I"! labeled 
allyl inulin and normal inulin. The specific 
radioactivity appearing in the urine was 
measured. The specific activity of the early 
urine samples was lower and of the later 
samples higher than that of the injected 
material. They suggested that these differ- 
ences in specific activity could be accounted 
for by the labeled inulin being excreted 
more slowly than the original inulin. The 
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Fic. 1. Histogram showing distribution of radioac- 
tivity after electrophoresis of freshly prepared 
I"? allyl inulin. 


authors stated that the chemical manipula- 
tion involved in the labeling process might 
have altered the molecular weight distribu- 
tion of the allyl inulin, so that the labeled 
inulin differed from stable inulin. 

We had previously noted that 90-95 per 
cent of filtered sodium iodide 131 was 
reabsorbed by the kidney tubules. Our 
analysis of the information presented in 
this paper led us to believe that an appreci- 
able amount of free iodide contamination in 
the infusing solutions, or detachment of the 
iodide label from the allyl inulin molecule 
in the body, would produce similar changes 
in the specific activity of the urine as those 
described by Brooks e£ a/.? It was decided 
therefore to study the use of I» allyl inulin 
as a tracer substance for inulin in the deter- 
mination of glomerular filtration rates. The 
I? allyl inulin used in this investigation 
was prepared by a modification of the 
method described by Brooks eż al? I"? was 
used as the radioactive label for allyl inulin 
because of the relatively long half life of 
this radioactive isotope. 


METHODS AND RESULTS 


Solutions of I7? allyl inulin were pre- 
pared from the previously purified crystal- 
line radioactive compound. Paper electro- 
phoresis of the labeled inulin solution for 
11 hours separated the free iodide ions. The 
radioactivity on the paper strips was meas- 
ured by the use of a chromatograph strip 
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scanner and a 4 pi detector. The electro- 
phoresis strips were also sectioned and 
counted in a well type scintillation counter. 
It was found that 20-23 per cent of the 
radioactivity in the paper strips was in the 
form of free iodide. Figure 1 shows the 
pattern of the distribution of radioactivity 
along the electrophoresis strip as measured 
by a well type scintillation counter. The 
free iodide was then removed from the 
initial solution by passing the allyl inulin 
through an anion resin exchange column. 
Electrophoresis of aliquots of this purified 
solution now demonstrated that only 3 per 
cent of the radioactivity was due to free 
iodide. Electrophoresis of aliquots of this 
solution was done daily to determine 
whether the iodine 125 separated from the 
allyl inulin with the passage of time. 
Figure 2 shows that there was progressive 
detachment of iodine 125 with time until a 
plateau was reached at 6 to 8 days. Twenty- 
two per cent of the radioactivity was in the 
form of free iodide at this time. 

The infusing solutions used for the 
clearance measurements in dogs were a 
mixture of nonradioactive inulin and I"? 
labeled allyl inulin in normal saline. The 
I? allyl inulin used for infusion was passed 
through an anion resin exchange column 
immediately after preparation of the solu- 
tion from the crystalline compound and was 
kept for at least 7 days before use. Thirty 
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Fic. 2. Per cent of free I!” in allyl inulin solution as 
a function of time. Free I! in allyl inulin solution 
was removed by anion resin exchange column at 
day zero. 
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microcuries of this solution of I"* allyl 
inulin (specific activity 0.5-1.5 jc/mg.) 
were again passed through an anion resin 
exchange column and added to the solution 
of stable inulin which was to be used for the 
priming and sustaining solutions. 

The priming solution contained 50 mg. of 
normal inulin/kg. of body weight of the 
dog on whom the clearance rate was to be 
determined, to establish an appropriate 
plasma concentration of inulin (0.25 mg./ 
ml.). The sustaining solution contained o.s 
mg. stable inulin/ml./kg. body weight. 
The sustaining solution was infused intra- 
venously at a constant rate of 2.0 ml./min. 
using a Sigma motor pump. The specific 
activities of the priming and sustaining 
solutions were identical for any particular 
animal. The specific activities varied from 
dog to dog since the number of microcuries 
of P? allyl inulin used was constant but 
the number of mg. of stable inulin infused 
varied with the weight of the animals. The 
priming and sustaining solutions were in- 
jected into the dogs after passage of the 
inulin-allyl inulin solution through another 
anion exchange column located in the line 
of the tubing between the pump and the 
dog. 

The dogs were anesthetized for the clear- 
ance measurement with 30 mg. of sodium 
pentobarbital/kg. of body weight. Twenty- 
five milliliters of water/kg. of body weight 
was given to the animals 30 minutes prior 
to the administration of the anesthetic. 
Urine was collected for six 20 minute 
periods through a bladder catheter, fol- 
lowed by a saline and an air wash. Arterial 
blood samples were taken 21 minutes be- 
fore the mid-point of each urine collection 
period. 

Arterial plasma samples and urine sam- 
ples were analyzed for inulin in duplicate 
by colorimetric methods and the chemical 
analysis in duplicate was repeated at least 
once for all samples. Appropriately diluted 
urine samples and zinc sulphate filtrates of 
the plasma were analyzed by the direct 
resorcinol method without alkali treatment 
described by Schreiner.!? The radioactivity 
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of the plasma and urine was assayed by the 
use of a well type scintillation counter with 
attendant pulse height analysis. Urine and 
plasma samples were then passed through 
anion resin exchange columns and re- 
counted in the well scintillation counter. 
Clearance rates based on counts of samples 
passed through exchange columns are 
referred to as corrected clearance rates. 

The clearance rates were calculated from 
the standard formula: 

UV 
iN = p , 


where 


U= mg. inulin/ml. urine or cts./sec./ml. 
urine, 

^— ml./min. urine flow, 

P= mg. inulin/ml. plasma or cts./sec./ 
ml./ plasma. 


Specific activities of plasma and urine 
were calculated by the use of the formula: 
Specific Activity 


cts./sec./ ml. of plasma or urine 





mg. inulin/ml. of plasma or urine 


Twelve dogs were used in this investiga- 
tion. Twenty-eight average glomerular 
filtration rates were each determined by 
simultaneous chemical and radioactive 
methods. There were 164 clearance period 
values available for analysis since usually 
there was a total of 6 clearance periods for 
the determination of each average filtra- 
tion rate. Clearance values determined by 
radioactive measurements were compared 
with clearance values obtained bv the use 
of the chemical methods. These compari- 
sons were made for each clearance period 
and also for the average of 6 clearance 
periods. These two comparisons are re- 
ferred to as individual and mean bases. 
As the radioactive method was corrected 
and uncorrected for free iodide 125 in 
plasma and urine, this entailed 4 sets of 
comparisons to indicate the degree of 
correlation of the values obtained by the 
chemical method to those of the radioactive 
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SUMMARY OF RELATIONSHIP OF RADIOACTIVE TO CHEMICAL VALUES 
Per Cent 
; Mean i of Total 
Corrected No. Coefficient Analysis Square for Least 2E Pine Variability 
. of Variance "or for Estimation of 
Basis or of of Deviation of Y which 
. F for Y (chemical) from .X 
Uncorrected Pairs Correlation R from (radicactive) can be 
ae Regression a Explained 
by X 
Mean Uncorrected 28 +0.977 540.7 @ 4.42 Y=2.6807+0.9732X 95.4 
Mean Corrected 25 +0.980 564.6 & gute —0.88214-0.9756X 96.1 
Individual Uncorrected 164 +0.956 1730.6 Q 10.55 Y-2.10794-0.9881.X 91.4 
Individual Corrected 146 +0.963 1862.7 @ 12.08 Y=1.8200-+0.9625X 92.8 


®@p<o.ooo! for each regression, 


method. This degree of correlation was de- 
termined by calculation of analysis of 
variance for regression and of the coefficient 
of correlation.! Equations were calculated 
to give the best estimate of the chemical 
value for any value obtained by the radio- 
active method. The coefficient of correla- 
tion for any of the 4 bases (mean, indi- 
vidual, corrected and uncorrected) is shown 
in Table r. This excellent relationship be- 
tween the radioactive method and the 
chemical method is further confirmed by 
the high F values for the analysis of vari- 
ance for regression (Table 1) and by the fact 
that at least gr per cent of the total vari- 
ability of the chemical method 1s accounted 
for by the straight line relationship to the 
radioactive method. Also in Table 1 are the 
equations for the lines of best estimation of 
chemical values from their respective radio- 
active values. Figure 3 shows the relation- 
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Fig. 3. Relationship between uncorrected radio- 
active and chemical values. 





ship of the values determined by the un- 
corrected radioactive method to those ob- 
tained by chemical methods. Substitution 
of the radioactive value for X in any of the 
equations will give the most likely value 
that would have been obtained by the 
chemical method (Y=estimated chemical). 
The values for Y that resulted when the 
average values of X were substituted in 
these equations are listed below. It is obvi- 
ous that there is almost a 1 to 1 relation- 
ship on any basis but the corrected values 
were slightly better. 


Mean Estimated 
Basis X Y 
Mean uncorrected 52.8 $4.1 
Mean corrected 55.8 $5.3 
Individual uncorrected $2.6 54.0 
Individual corrected $5.6 $5.0 


The specific activity of the urine and 
plasma samples for each of the clearance 
periods was calculated as the percentage of 
the average of 6 clearance periods for each 
dog. The means of 26 to 28 determinations 
of urine specific activity in each period were 
intercompared; as were the means of the 
plasma (Fig. 4). The mean of the specific 
activity of the urine in each period was also 
compared to the mean of the specific activ- 
ity of the plasma in the same period. 

The means of the specific activity of the 
urine in each of the 6 periods when inter- 
compared were similar as were those of the 
plasma. Furthermore, the mean of the 
specific activity of the urine in each period 
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was statistically similar to that of the 
specific activity of the plasma in the same 
period. There were no statistically signifi- 
cant differences noted in any of these com- 
parisons. 


DISCUSSION 


It has been shown in this investigation 
that the glomerular filtration rate can be 
accurately determined by the use of I” 
allyl inulin since these values were in 
excellent correlation with simultaneously 
determined chemical values. I?» allyl inulin 
is therefore an excellent tracer substance 
for inulin. The fact that the specific activity 
of the urine and the specific activity of the 
plasma did not change significantly from 
clearance period to clearance period would 
indicate that I?» allyl inulin is excreted by 
the kidnev in the same manner as stable 
inulin. The fact that the specific activity of 
the urine and the specific activity of the 
plasma varied together in the various clear- 
ance periods and did not differ significantly 
from each other in any clearance period 1s 
further confirmation that I” allyl inulin 
and stable inulin are excreted by the kidney 
in the same manner. 

The substitution of a radioactive method 
for the determination of glomerular filtra- 
tion rate greatly simplified this determina- 
tion. Chemical analvsis of inulin in blood 
and urine is a time consuming procedure, 
requiring at least a day to complete the 
analysis necessary for the determination of 
the glomerular filtration rate based on 6 
clearance periods. Six plasma samples in 
duplicate and 6 diluted urine samples, on 
the other hand, can readily be assayed in a 
well tvpe scintillation counter in 1 hour. 
The determination can be performed in 3 
hours if the plasma samples are recounted 
after passage through anion resin exchange 
columns. 

Variations were seen in the measured 
concentration of inulin in some blood and 
urine samples when the analysis was done 
bv the chemical method. When the chem- 
ical analysis was repeated in duplicate, 
further variations were frequently noted. 
These variations, although small, would 
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Fic. 4. Mean specific activities of urine and 
plasma. 


effect the clearance values determined by 
the chemical method. Repeated assay of 
plasma and urine samples by radiation 
measurement, on the other hand, showed a 
high degree of reproducibility. 

Aging of I? allyl inulin solutions before 
infusion plaved a vital role in the radioac- 
tive determination of the accurate glom- 
erular filtration rates demonstrated in this 
investigation. It was found in a preliminary 
experiment that radioassay of I!” allyl 
inulin in plasma and urine did not give 
accurate clearance values when freshly pre- 
pared solutions were infused into the ani- 
mals through an anion resin exchange 
column. Large amounts of free iodide could 
be measured in all plasma samples (20-30 
per cent) after infusion of the freshly pre- 
pared solution. However, the use of plasma 
values corrected for free iodide in the cal- 
culation of the clearance of allyl inulin 
showed excellent agreement with the values 
obtained by chemical methods. Accurate 
clearance values were obtained with un- 
corrected plasma values only when the [> 
allyl inulin solution was stored for several 
days and passed through exchange columns 
twice immediately before infusion. It may 
be that aging of the I” allyl inulin and 
repeated passages of the solution through 
ion resin exchange columns removed all 
I?» which was loosely bound to the allyl 
inulin molecules. 
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COMMENT 

The statistical analysis described in this 
paper was based on values obtained from 
animals infused with aged I" allyl inulin. 
All values described were from animals 
studied consecutively with aged I! allyl 
inulin solution. Values obtained from pre- 
liminary studies in 8 animals using freshly 
prepared allyl inulin were not included in 
the statistical analysis. 

The use of I?» allyl inulin, described in 
this paper, and purified I! ortho-iodo- 
hippuric acid, described by Meschan e£ al.’ 
should allow the rapid simultaneous deter- 
minations of glomerular filtration rate, 
effective renal plasma flow and maximal 
rate of tubular excretion (TmPAH) by the 
use of gamma detecting isotope apparatus. 


CONCLUSIONS 


I. Accurate and rapid determination of 
glomerular filtration rates was achieved 
in this investigation by the use of I? allyl 
inulin after the allyl inulin solutions were 
stored for a few days and then passed 
through anion resin exchange columns 
several times before use. 

2. The excellent correlation seen be- 
tween the chemical determinations of the 
inulin clearance and the clearance deter- 
mined by the assay of radioactivity of I 
allyl inulin in blood and urine would indi- 
cate that the distribution and excretion of 
I?» allyl inulin and stable inulin are the 
same. 

3. Studies of specific activities of P= 
allyl inulin in blood and urine at the vari- 
ous time periods confirm the impression 
that I? allyl inulin and inulin are excreted 
by the kidneys in the same manner. 


J. P. Concannon 
Department of Radiology 
Allegheny General Hospital 
320 East North Avenue 
Pittsburgh 12, Pennsylvania 
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IHE ATROPHIC RENAL ARTERY 


By RICHARD D. KITTREDGE, M.D., SAMUEL D. HEMLEY, M.D., VIRGINIA KANICK, 
M.D., and NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 


I^ HAS been often implied that the condi- 
tion of the arterial system of the kidney 
reflects the functional capacity of the kid- 
ney. To a degree this appears to be true 
since the luminal width of the renal arterv 
decreases when renal function is impaired 
and the parenchyma is destroved.^?!? 
Edsman, in order to obtain an approximate 
dimension of the luminal diameter of the 
single renal artery, measured 57 such arter- 
ies in males and 38 in females. He found 
that the luminal diameter of the normal 
single artery is the same on both the right 
and left side. The range of the luminal 
diameter was 6.1 to 9.7 mm. in the males 
and 4.6 to 8.2 mm. in the females. These 
measurements do not apply when only one 
kidney is present or when an individual 
kidney is supplied by more than one artery. 

In this presentation the atrophic renal 
artery is considered. The adjective “‘atro- 
phic” is used in the literal sense, 7.¢., a 
wasting away from disuse. 

The atrophic renal artery is related to 
various abnormalities. Characteristically, it 
is associated with the small kidney. It is 
often extremely difficult to differentiate 
between congenital hypoplasia and chronic 
atrophic pyelonephritis.? Some authors? feel 
that it is impractical to make this differen- 
tial diagnosis since with congenital hvpo- 
plasia superimposed pyelonephritis is often 
present. An atrophic renal artery has been 
observed in both hypoplasia and pvelo- 
nephritis. 

An important but infrequently reported 
cause of renal artery atrophy is renal 
trauma.’ Olsson and Lunderquist!? classify 
renal trauma into three groups: acute, sub- 
acute, and old renal injurv. In some of the 
cases in the third group, definite renal 
artery caliber decrease secondary to severe 
damage of the renal parenchyma or to 
injury of the renal artery has been noted. 


The atrophic renal artery has also been 
reported in the large kidney in association 
with avascular cysts." As the cystic 
changes become more pronounced, the 
kidney enlarges and the relative amount of 
functioning parenchyma tends to decrease. 
An extreme example of this is polycystic 
kidney disease. Pathologicallv, polycystic 
kidnevs contain multiple cvsts in both the 
cortex and the medulla, thereby replacing 
almost all of the functioning parenchyma. 
Angiograms of cases of polycystic disease 
show stretching, displacement and atrophy 
of the intrarenal vessels and main renal 
arteries.! The greater the loss of kidney 
function, the more atrophy has been ob- 
served. 

Another common cause of atrophic renal 
artery with an enlarged renal shadow is 
severe hydronephrosis. Extensive dilata- 
tion of the collecting system reduces the 
renal parenchyma and leads to atrophy of 
the renal vasculature with stretching and 
displacement of vessels. The atrophv in- 
cludes both the intrarenal vessels and the 
main renal artery. When hydronephrosis is 
induced experimentally in rabbits,’ the 
atrophy begins peripherally in the finer 
vessels, then extends centrally to the larger 
vessels and finally to the main renal artery. 

The following cases illustrate the general 
categories discussed above. All percutane- 
ous retrograde arteriographies were per- 
formed by the Seldinger method.*? 


ILLUSTRATIVE CASES 


Case 1. This 54 year old female had had 
hypertension for 33 years with blood pressures 
ranging from 175/90 to 250/125. She had done 
well on a hypertensive regimen. An intravenous 
pyelogram made in the clinic revealed a non- 
functioning left kidney (Fig. 1) and a left 
retrograde pyelogram showed marked change 
on the left side. At that time her blood urea 


nitrogen was 15 mg. per cent. The patient was 
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lic. 1. Case 1. Intravenous pyelogram showing a 
nonfunctioning left kidney. 


I 


admitted because of the nonfunctioning left 
kidney to the hospital where a renal differential 
excretion study with [?' hippuran confirmed 
the lack of function of the left kidney. 

A left retrograde pyelogram demonstrated a 
small hydronephrotic left kidney (Fig. 2), and 
a retrograde renal arteriogram showed severe 
arteriosclerosis of all visualized arteries with a 
definire stenotic lesion at the origin of the right 
renal artery. No left renal artery was visualized 
(Fig. 3). A nephrogram was absent on the left 
(Fig. 4). The patient underwent a nephrectomy. 
At operation, the left kidney was found to be 
atrophic and considerable pyelonephritis was 
present (Fig. 5). 


Case rr. This 40 year old female entered the 
hospital with the chief complaint of abdominal 





Ge 
nd A á es 
e -— - ic. 3. Case 1. Retrograde renal arteriogram showing 
Fic. 2. Case r. Retrograde pyelogram showing a absence of the left renal artery. The right renal 
shrunken kidney with a hydronephrotic caliectatic artery was markedly irregular and arteriosclerotic 


collecting system. with a stenotic lesion at its origin. 
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Fic. §. Case 1. Injected postoperative kidney speci- 
men showing an atrophic renal artery with 
marked shrinking of kidney parencyhma and 
marked atrophy of the renal artery branches. 


> 


pain. An abdominal roentgenogram showed 
multiple gallbladder calculi; the left kidney 
outline was difficult to define. An intravenous 
pyelogram showed a nonfunctioning kidney 
on the left. A retrograde pyelogram showed a 
small shrunken pyelonephritic kidney (Fig. 6). 
A retrograde renal artery examination revealed 
atrophy and shortening of the left renal artery 
(Fig. 7). 


Case ut. This £o year old man entered with 
the chief complaint of abdominal pain of 36 





Fic. 4. Case 1. Later retrograde renal arteriogram 
showing a good nephrogram on the right side and 
absence of a nephrogram on the left side. 


Fic. 6. Case 11. Retrograde pyelogram showing a 
small pyelonephritic kidney. Incidentally noted 
were multiple gallbladder calculi. 
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Fic. 8. Case iir. Retrograde renal arteriogram show- 
ing atrophy of the right renal artery. Severe bi- 
lateral glomerulonephritis was present. 





Fic. 7. Case rr. Retrograde renal arteriogram showing 
an atrophic shortened left renal artery. 





Fic. 9. Case iv. Retrograde renal arteriogram show- 
ing double renal arteries to an enlarged right kid- 
ney and atrophy and attenuation of the large Fic. 10. Case iv. Laminagram following retrograde 
vessels and their branches. renal arteriography showing bilateral cystic disease. 
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hours' duration. Blood pressure ranged be- 
tween 145/90 to 210/130 during his hospital 
course. The blood urea nitrogen was go mg. per 
cent; urinalysis was normal. An intravenous 
pyelogram showed poor function bilaterally. A 
barium enema examination revealed a sigmoid 
volvulus which reduced during the barium 
enema study. A retrograde renal arteriogram 
disclosed a small right renal artery (Fig. 8). 

The patient was discharged with the diag- 
nosis of chronic glomerulonephritis. 


Case Iv. This 45 year old female was admit- 
ted because of marked hypertension. The pa- 
tient had an episode of right sided pyelonephri- 
tis 18 months prior to admission and since that 
time had had hypertension. The physical 
examination was unremarkable except that 
both kidneys were large and palpable. The 
blood urea nitrogen was 48 mg. per cent. 
Urinalysis revealed 5 to 8 white blood cells per 





Fic. 11. Case v. Retrograde renal arteriogram show- 


ing marked atrophy and attenuation of the 
branches of the right renal artery. Multicystic dis- 
ease of the right kidney was seen on a previous 
intravenous pyelogram. 


3»5—- 


Fic. 13. Case vi. Injected postoperative specimen 
showing massive destruction of parenchyma sec- 
ondary to gross hydronephrotic changes of the col- 
lecting system. The renal artery was attenuated 
and atrophic. 


The Atrophic Renal Artery 








Fig. 12. Case vi. Intravenous pyelogram showing a 
nonfunctioning left kidney with a large mass in 
the region of the kidney descending to just above 
the left iliac crest. 
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high power field. An intravenous pyelogram 
showed delayed concentration and inadequate 
filling of the collecting systems in both kidneys. 
Evidence of hydronephrosis was seen. A retro- 
grade renal arteriogram disclosed double renal 
arteries to each kidney with elongation and 
attenuation of all vessels, more marked on the 
right (Fig. 9). Laminagrams following retro- 
grade arteriography showed large multicystic 
kidnevs (Fig. 10). 


Case v. This 35 year old male was found to 
have hypertension on a routine physical ex- 
amination, in the range of 175/125. An intra. 
venous pyelogram showed bilateral polycystic 
kidneys. The physical examination was other- 
wise unremarkable. Urinalysis was normal, and 
the blood urea nitrogen was 24 mg. per cent. 

A retrograde renal arteriogram disclosed 
marked atrophy and attenuation of the 
branches of the right renal artery (Fig. 11). 


Case vi. This 52 year old female entered the 
hospital with the chief complaint of left flank 
pain. Three months prior to admission, she had 
experienced marked flank pain associated with 
chills and fever for several days. Physical ex- 
amination revealed a blood pressure of 100/85. 
There was left flank tenderness with fullness in 
the left upper quadrant of the abdomen where 
an ill-defined mass was felt. An intravenous 
pyelogram showed a nonfunctioning left kidney 
with a large mass in the region of the left flank 
descending to just above the iliac crest (lig. 
12). The patient was explored and a large, 
grossly hydronephrotic left kidney with marked 
parenchymal destruction was found. Patho- 
logic examination revealed severe pyeloneph- 
ritis with gross hydronephrosis on the basis of 
tuberculosis. The injected specimen showed 
marked attenuation of the renal artery and its 
branches (Fig. 13). 


SUMMARY 


Atrophy of the renal artery can occur in 
the enlarged or shrunken kidney. Illustra- 
tive examples are presented. The atrophy 
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appears to be proportional to the amount of 
functioning parenchyma destroyed. 


Richard D. Kittredge, M.D. 
Department of Radiology 
St. Luke's Hospital 

421 West 115th Street 

New York 25, New York 
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PERCUTANEOUS NONCATHETER LEFT BRACHIAL 
RENAL ARTERIOGRAPHY* 


By THOMAS R. MARSHALL, M.D.,f and J. T. LING, M.D.t 


LOUISVILLE, KENTUCKY 


HERE are numerous methods of 

opacifying the renal arteries. Among 
these are intravenous arteriography, trans- 
lumbar needle aortography, percutaneous 
transfemoral catheter arteriography, non- 
catheter retrograde femoral arteriography 
and direct noncatheter left brachial arteri- 
ography. The relative hazards and tech- 
nical problems encountered with some of 
these methods are a matter of general 
knowledge. We have found that noncathe- 
ter left brachial arteriography produces 
excellent results, and no serious complica- 
tion or fatality has been encountered. The 
important pitfalls in performing renal 
arteriography by the first four techniques 
will be discussed and the new method of 
percutaneous noncatheter left brachial 
arteriography will be explained. We have 
performed 250 renal arteriographies by this 
method and to carbon dioxide vesica . 
arteriographies. 


METHODS 
INTRAVENOUS ARTERIOGRAPHY 


The practical advantages of intravenous 
arteriography as first described by Bern- 
stein ef al and Steinberg e a/.? are quite 
numerous. Very little skill is required for 
the venous puncture and it is a safe pro- 
cedure. The equipment required is found in 
the average Department of Radiology. The 
contrast medium is injected intravenously 
in large amounts, 100-125 cc. unilaterally 
or 50-60 cc. bilaterally, in an antecubital 
vein, usually through an 18 gauge needle. 
The procedure requires very little time, 
usually just slightly less than brachial 
artery injection. 

Delineation of the aorta and its periph- 
eral branches is only fair in respect to the 


density of the contrast material. Demon- 
stration of the renal arteries 1s very poor 
and frequently not satisfactory for a radio- 
logic diagnosis; however, large aneurysms 
and arteriosclerotic plaques are usually 
well demonstrated. 

Many factors tend to destroy the bolus 
such as prolonged circulation times and 
stenotic arteriosclerotic areas. Frequently, 
more than one injection is required to ad- 
just the exposure time and film timing. 
Radioisotope studies of the circulation time 
can be of help in some patients. 


TRANSLUMBAR NEEDLE AORTOGRAPHY 


This method has been widely used by 
many in the past. We no longer employ 
this method because of the high incidence 
of complications; however, with consider- 
able experience a low complication rate of 
between o.ç to 2 per cent and a fatality rate 
of around o.5—1 per cent can be obtained. 

A vascular 18 gauge needle is introduced 
from the left side and directed toward the 
aorta, somewhat anteriorly and to the right. 
This will occasionally produce nonfilling of 
the left renal artery. The entire volume of 
contrast material may be injected directly 
into the right kidney or dissect down the 
abdominal aorta. A direct injection into the 
mesenteric vessels will frequently result in 
ischemia to the bowel and is a fairly com- 
mon major complication. The toxicity of 
the contrast material and the occurrence of 
direct injection into one or the other renal 
arteries have been responsible for unilateral 
renal damage. Direct forceful injection of a 
sizable amount of contrast material into a 
single renal artery produced unilateral 
damage in 3 out of 7 patients in a series 
reported by Miller eż al.* 


* From the University of Louisville, School of Medicine, Louisville, Kentucky. 


T Associate Professor, Department of Radiology. 
t Professor and Chairman, Department of Radiology. 
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PERCUTANEOUS TRANSFEMORAL CATHETER 
ARTERIOGRAPHY 
The precutaneous transfemoral catheter 
technique as described by Seldinger? is at 
present the most widely emploved method 
in this country. With use of the Seldinger 
technique in patients with marked arterio- 
sclerotic disease of the femoral artery, other 
arteries such as the brachial and axillary 
can be employed for the puncture and the 
catheter can be advanced to the level of the 
renal arteries. The method consists of the 
percutaneous insertion of a needle and the 
insertion of a guide wire with a highly 
flexible tip through the needle. The wire 
serves as a guide over which a radiopaque 
polyethylene catheter is inserted. The 
catheter tip 1s positioned under fluoroscopic 
control just above the renal arteries. Its 
position can also be determined by taking 
à roentgenogram of the abdomen. Too, se- 
lective renal artery injection can be per- 
formed by this technique.” Opacification is 
excellent and only 20-25 cc. of contrast 

medium is required. 

The major complications are relatively 
few. In a survey of the complication rate 
from this method in 11,402 patients bv 
Lang,” a 0.06 per cent fatality rate was 
noted; however, many instances of arterial 
spasm and thrombosis at the puncture site 
were observed because of the trauma from 
the guide wire and catheter. Minor com- 
plications were higher than in the reported 
translumbar series. Other minor com- 
plications were perforation with no se- 
quelae, intramural injection and a local 
hematoma at the puncture site. 

Patients with low output failure should 
be watched for signs of arterial thrombosis 
at the puncture site and persons with 
arteriosclerotic disease of the femoral artery 
should be examined by another method. 
Precise technique and careful puncture of 
the artery will result in a lower incidence of 
hematoma and arterial spasm. Most in- 
stances of arterial thrombosis are usually 
seen in the first 4 hours after injection. The 
thrombotic phenomena are more common 
than the embolic phenomena. 
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DIRECT RETROGRADE FEMORAL AORTOGRAPHY 


A 205 Seldinger needle is introduced per- 
cutaneously into the common femoral 
artery 1 cm. below the inguinal ligament. 
Orthopedic tourniquets are placed around 
both thighs. An automatic pressure injec- 
tor Is used and so to 60 cc. of contrast 
medium is injected. Conventional femoral 
arteriography may then be performed on the 
side of the needle. This method has been 
used in 100 patients without mortality or 
significant morbidity by Waldhausen and 
Klatte.!? Extravasations of contrast me- 
dium have been reported without any 
sequelae. No depression of renal function 
or evidence of thrombosis of the arterial 
branches of the aorta has been observed. 
Demonstration of disease of the iliac arter- 
les was uniformly good. 

This method is performed more satis- 
factorily under general anesthesia since in 
some patients under local anesthesia good 
filling of the renal arteries is not obtained. 

Percutaneous iliofemoral arteriography 
was reported by Schobinger,’ and Takaro, 
Scott and Crymes!® by percutaneous bi- 
lateral femoral injections. This method re- 
quires more time than direct brachial 
artery injection and the main disadvantage 
is that in order to obtain good roentgeno- 
grams, general anesthesia has to be em- 
ployed. 


PERCUTANEOUS NONCATHETER LEFT BRACHIAL 


RENAL ARTERIOGRAPHY 

The method consists of the percutaneous 
insertion of a 16 gauge vascular needle 
(multiple purpose needle) into the left 
brachial artery in the antecubital fossa on a 
line 1 cm. above the epicondyles of the 
humerus.® All patients receive 50-100 mg. 
of demerol and 1/150 grain of atropine in- 
tramuscularly approximately 30 minutes 
prior to the procedure. The needle is con- 
nected to the automatic pressure injector 
with a gray Odman-Ledin catheter or a 
special high pressure nylon connecting 
catheter (6001—10" and 6002-20” B-D) and 
Swivel Lok Adapter (X3002— B-D) that 


can be autoclaved. 4 Sanchez-Perez cas- 
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sette changer or an Elema roll film unit is 
used to make multiple exposures. We usu- 
ally employ 6 films per second for 4 or 5 
seconds with the Elema roll film unit. 
Meglumine iothalamate 60 per cent (con- 
ray 60 per cent), 60 to 70 cc. (adults), is 
used.? A Gidlund automatic pressure in- 
Jector can be employed at a pressure range 
between 7.0 kg./cm.? to 9.0 kg./cm.?, with 
8.0 kg. /cm.? being the average pressure. The 
higher pressures are used in patients with 
hvpertension. Recently, we have used the 
Marshall vascular injector to perform these 
studies.* The average gauge pressure that is 
used is 100 pounds per square inch. This 
injector is portable, permits multiple injec- 
tions and gives a more constant back up 
pressure (Fig. 1). 

A blood pressure cuff is applied around 
the left arm below the needle and is blown 
co to 70 mm. Hg above the systolic pres- 
sure prior to injection. If vesical angiog- 
raphy is to be performed, 50-70 cc. of car- 
bon dioxide is instilled into the bladder and 
orthopedic tourniquets are placed around 
both thighs prior to injection. Nitrous 
oxide may also be used to contrast the 
bladder lumen in a negative fashion. 

This method takes less time than the 
other methods and can be done safely on an 
out-patient basis. It has a lower major and 
minor complication rate than the trans- 
lumbar or transfemoral Seldinger method. 


DISCUSSION 


Renal arteriography is important for a 
complete evaluation of systemic hyper- 
tension in man since in a sizable percentage 
of cases renal arterial obstruction is pres- 
ent, a condition potentially relieved by 
surgery. Renal arteriography is likely to be 
of little value in the general assessment of 
details of the renal arterial tree in diffuse 
arteriosclerosis. The cortical blush phase of 
the arteriogram is of limited value in es- 
timating narrowing and irregularity of the 
renal cortex in localized chronic pyelo- 
nephritis. In the past opacification of the 


* Manufactured by Sigmamotor Co., Inc., 3 N. Main Street, 
Middleport, New York. 
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Marshall vascular injector. Nitrogen is used 
as the gas to drive the compression cylinder. 


FIG. I. 


renal arteries has been standardized by the 
translumbar injection of a large volume of 
contrast material into the abdominal aorta. 
This procedure was modified by the injec- 
tion through a catheter passed in retro- 
grade fashion from the femoral artery to 
the aorta. Also, a newer method in which 
injection is made via a femoral-aortic 
catheter into the abdominal aorta at the 
time of minimum motion of the blood 
column called intercalative renal arteriog- 
raphy has been reported." Now we have 
the introduction of noncatheter brachial 
angiography which will further advance the 
field of angiography and increase its 
acceptance by the medical profession. 

Angiocardiography and coronary arteri- 
ography will still have to be performed by 
the catheter method and in some patients, 
selective renal artery injection bv a cathe- 
ter may be preferred. A comparison of some 
commonly used contrast materials can be 
seen in Table r. 

No serious complications have occurred 
in this series. In 3 cases contrast medium 
was injected by accident into the soft 
tissue around the brachial artery, producing 
pain and swelling for 24 hours without any 
sequelae. Only 1 patient had spasm of the 
brachial arterv after injection lasting for 3 
hours and only ro had spasm lasting ap- 
proximatelv 20 minutes. The other had 
normal or near normal brachial, radial and 
ulnar pulses. This is due to the fact that 
particular emphasis is placed on producing 
verv little vascular trauma and the major- 
itv of the needles were removed from the 
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TABLE I 


COMPARISON OF COMMON CONTRAST MEDIA 
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Conray — |Angio-Conray | Angio-Conray 
60% 66.8% 80% 
Chemical Nature 60% aqueous | 66.8% aque- | 80% aqueous 
solution of | ous solution | solution of 
meglumine | of sodium sodium 
jothalamate | iothalamate | iothalamate 
Relative Viscosity. 2,0?C. 6.7 | a$9C. 144 
(in cps with HzO as S3 0C. 4-4 | 37.9 C. 8.4 
unity) 
Iodine Content 2895 W/V 40% W/V 48% W/V 
Appearance Clear, Clear, Clear, 
aqueous aqueous aqueous 
solution solution solution 
LDyo mg./kg. in 18,600 20, $00 19,000 
Mice (Manufact- t1,000 
urer's figures) 


brachial artery immediately after injec- 
tion. Most were in the brachial artery less 
than 1 minute. No arteriovenous fistulas 
have occurred in our series nor have we had 
any postinjection hematoma around the 
puncture site. 

Recently, we have been using the axillary 
artery instead of the brachial artery; how- 
ever, percutaneous puncture is more diff- 
cult and the risk of hematoma formation is 
. greater. Also, damage to the infraclavicular 
portion of the brachial plexus may result if 
extravasation should occur. 

The following conditions can be diag- 
nosed with percutaneous noncatheter left 
brachial renal arteriography: primary renal 
arterial disease with renal arterial stenosis 
as a cause of hypertension due to congenital 
lesions such as fibromuscular hyperplasia; 
stenosis due to mural fibrosis; idiopathic 
stenosis and thrombosis; atherosclerosis of 
the renal arteries and aorta with extension 
into the renal arteries. Unlike arterio- 
sclerotic narrowings of the renal arteries 
which tend to occur predominantly within 
the medial third of the vessel, fibromuscu- 
lar hyperplasia appears to involve pri- 
marily the middle and/or distal third and 
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may extend into the proximal branches of 
the main renal artery. Essential hyperten- 
sion without renal artery disease is present 
in 80 per cent of all hypertensives. Renal 
cysts, neoplasms and renal artery 
aneurysms can be diagnosed. The method 
is also of value in the diagnosis of dissecting 
abdominal aorta anuerysms (Fig. 2). Con- 
genital anomalies of the kidney, acquired 
renal parenchymal lesions such as hydro- 
nephrosis, tuberculosis, and pyelonephritis 
can be diagnosed. Extrarenal lesions, such 
as metastatic lesions to the liver and 
adrenal gland, and retroperitoneal abscess 
formation can sometimes be detected. 

Our series of 260 patients consisted of 
125 males and 135 females of all ages 
(Table 11). Seventeen patients had stenosis 
of the left renal artery and 16 patients had 
stenosis of the right renal artery. Ten 
patients had stenosis of both renal arteries 
(Fig. 3). Eleven patients were found to 
have renal carcinoma. 

The majority of the studies were per- 
formed on patients with hypertension or 
generalized arteriosclerotic disease. Sev- 
enty-six patients were found to have arteri- 
osclerotic changes in the abdominal aorta 
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liG. 2. Dissecting abdominal aortic aneurysm with 
sharp cutoff of the contrast medium. Marked 
arteriosclerotic changes are present in both renal 
arteries and proximal to the aneurysm. 





(Fig. 4). Of ro patients having carbon 
dioxide vesical arteriographv, 4 were shown 
to have carcinoma of the bladder (Fig. 5). 


SUMMARY 

Five methods of renal artery opacifica- 
tion are discussed. In our opinion, percu- 
taneous transfemoral catheter arteriog- 


TABLE II 


ANALYSIS OF 260 NONCATHETER BRACHIAL RENAL 
AND VESICAL ARTERIOGRAPHIES 





Total No. of Patients 
Males 





126 
Females D36 — 

Arteriosclerosis of the Abdominal Aorta | — 76 
Dissecting Abdominal Aorta Aneurysm I 
Stenosis of Both Renal Arteries IO 
Stenosis of the Left Renal Artery [7 
Stenosis of the Right Renal Artery 16 
Aneurysm of the Renal Artery 14 
Renal Agenesis 8 
Renal Cell Carcinoma II 
Renal Cysts 12 
Carcinoma of the Bladder 4 
Bladder Polyps I 
Chronic Cystitis 2 
Abdominal Aorta Aneurysm 2 
Normal 86 





Renal Arteriography 319 





Fig. 3. Left brachial artery arteriogram using 60 cc. 
of meglumine iothalamate 60 per cent demon- 
strating bilateral renal artery stenosis. 


raphy and direct noncatheter brachial 
arteriography give the most consistent re- 
sults. The major and minor complications 
are lower when the brachial and axillary 
artery techniques are used. 

Direct noncatheter brachial arteriog- 
raphy is a comparatively simple procedure 
with little risk to the patient. It is useful 
in the routine diagnosis of a wide variety of 
renal, vascular and neoplastic disease. 
Technical ease of performance under nor- 





Fic. 4. Forty vear old female with arteriosclerotic 
changes involving the abdominal aorta. 





luc. §. Normal carbon dioxide vesical arteriogram. 
Tourniquets were placed around both femoral 
arteries during injection of 60 cc. of meglumine 
‘othalamate 60 per cent into the brachial artery. 


mal or adverse conditions and freedom 
from trauma to the vascular svstem, par- 
ticularly at the puncture site, with no 
sacrifice of roentgenologic standards are 
advantages of percutaneous noncatheter 
brachial arterv injection. This appears to 
be the method of choice for performing 
renal angiography. Vesical arteriography 
can be performed bv this method, but the 
contrast is not as satisfactory as by the 
transfemoral method with the catheter in 
the iliac artery. 

Thomas R. Marshall, M.D. 

Department of Radiology 

University of Louisville 

School of Medicine 

323 E. Chestnut Street 

Louisville 2, Kentucky 
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A MODIFICATION AND EXTENSION OF AORTOGRAPHY 
FOR EVALUATION OF RENAL ARTERY LESIONS 
IN RENOVASCULAR HYPERTENSION* 


By BURTON I. REIN, M.D.f 


TORRANCE, CALIFORNIA 


YSTEMIC hypertension secondary to 

unilateral obstructive renal artery dis- 
ease is a subject of increasing interest. 
Potentially curable, its recognition is of 
utmost importance. Many procedures such 
as excretory urography, isotope renog- 
raphv, aortography, and split renal func- 
tion studies are often emploved as screening 
and definitive diagnostic aids. None alone, 
however, is entirely satisfactory. Even 
aortography, regarded by many as the 
most valuable single test,??:9 only serves 
to delineate an anatomic lesion. Whether 
such a lesion is responsible for the produc- 
tion of hypertension must be ascertained by 
correlation with data obtained from other 
sources mentioned above. 

The purpose of this paper is to describe a 
simple modification and extension of aor- 
tography in order to roentgenographically 
demonstrate the characteristic abnormal 
renal function in renal ischemia. Thus 
aortography may serve both to delineate 
an arterial stenosis and supply confirma- 
tory roentgenographic evidence of its hemo- 
dynamic significance as a cause of hyper- 
tension— provide physiologic as well as 
anatomic data. 


PHYSIOLOGIC CONSIDERATIONS 


An understanding of the altered function 
accompanying renal ischemia is essential to 
correctly evaluate the roentgenographic 
manifestations of renovascular hyperten- 
sion. A significant obstructive renal arterial 
lesion reduces both renal plasma flow and 
glomerular filtration pressure. These fac- 
tors lower the rate of glomerular filtration 
which is manifested as diminished urine 


volume.^*'* Employing bilateral ureteral 
catheterization, Howard ef a/.,"! have 
described at least a 50 per cent decrease in 
urine volume and 15 per cent decrease in 
sodium concentration on the involved side 
compared to the opposite kidney as char- 
acteristic of unilateral renal arterv stenosis 
and reversible renovascular hvpertension. 
Extensions and modifications of the How- 
ard test have since been proposed.*:? 

Normally, most of the glomerular filtrate 
Is reabsorbed in the tubules. Ischemic 
renal tubules, however, reabsorb an exces- 
sive amount of water and sodium.?*^^ 
This has been demonstrated by split renal 
function studies using substances which 
are excreted primarily by glomerular filtra- 
tion such as inulin. After crossing the 
glomerulus, it is not reabsorbed or excreted 
bv the tubules. Its concentration, there- 
fore, is a function of the tubular reabsorp- 
tion of water; hvperconcentration indi- 
cates an accentuation of water reabsorp- 
tion.'? Stamey ef al. have shown a 100 to 
500 per cent increase in inulin concentra- 
tion usually associated with a 30 to 60 per 
cent drop in glomerular filtration on the 
involved side in unilateral renal artery 
stenosis. They also state that this excessive 
reabsorption of sodium and water bv 
ischemic but functioning renal tissue sec- 
ondary to reduced renal plasma flow is the 
unique, invariable, characteristic feature of 
curable unilateral renovascular hvperten- 
sion. Reduced renal plasma flow to non- 
functioning renal tissue, however, as in 
normotensive parenchymal renal disease, 
Is not accompanied by such increased re- 
absorption." 


* From the Departments of Radiology, Los Angeles County Harbor General Hospital, Torrance, California, and the University 


of California, Los Angeles, California. 
T Assistant Professor of Radiology (in residence). 
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Sodium diatrizoate (hvpaque*), like inu- 
lin, has been shown to be predominantly 
handled by glomerular filtration without 
being appreciably reabsorbed or excreted 
by the tubules. Thus, since clearance of 
hypaque parallels that of inulin and has the 
same significance, an ischemic kidney, with 
its characteristic excessive tubular re- 
absorption of water, should theoretically 
hyperconcentrate the contrast medium 
during excretory urography; this, however, 
is not always noted.>™ 81316 The contrast 
medium in the involved collecting system 
may appear hypoconcentrated, hypercon- 
centrated or not visualized.” 7165 

A discrepancy thus exists between the 
hyperconcentration invariably noted dur- 
ing split renal function studies and degree 
of concentration as demonstrated by intra- 
venous pyelography in unilateral renal 
ischemia.?75 This may be largely explained 
by the different conditions under which 
these tests are carried out.? The former is 
performed on well hydrated patients with 
urine flow rates greater than 2 ml. per 
minute per kidney, whereas excretory 
urography is performed under conditions 
of dehydration. The urine flow in dehydra- 
tion may be so slow in the ischemic kidney 
that the small amount of excreted contrast 
material, when mixed with the urine nor- 
mally present in the kidney pelvis, may 
appear hvpoconcentrated.^'* In addition, 
dehvdration promotes the excretion of a 
small volume of concentrated urine by the 
opposite kidney which serves to diminish 
the difference in density between the two 
collecting systems. 

Several investigators have suggested 
oral hvdration prior to intravenous pyelog- 
raphy to better demonstrate hyperconcen- 
tration on the ischemic side and dilution of 
contrast on the contralateral normal 
side." Amplatz? has proposed hydrating 
patients with intravenous urea and saline 
during intravenous pvelography. 

Based on the above observations and 
considerations, a modification and exten- 
sion of aortography are suggested. Its per- 


* Winthrop Laboratories. 
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formance under conditions of relative hy- 
dration and inspection of pyelograms thus 
obtained, “intra-aortic pyelograms," may 
provide confirmatory evidence of the hemo- 
dynamic significance of angiographically 
demonstrated arterial lesions. 
TECHNIQUE 

No attempt is made to dehydrate the 
patient prior to aortography. Procedures 
are performed in the early afternoon. The 
patient is allowed to have a liquid break- 
fast and encouraged to drink water till 11 
A.M., 2 hours prior to the examination. This 
inhibits production of antidiuretic hormone 
and consequently increases urine volume. 
Premedication is obtained with mild seda- 
tion. A polyethylene catheter? is percu- 
taneously introduced into the femoral 
artery and passed to the level of the renal 
arteries. Three hundred cubic centimeters 
of € per cent dextrose in water are then 
injected through the catheter into the 
aorta over a 20 minute period to further 
hvdrate the patient. Additional heparinized 
saline in small doses is periodically flushed 
through the catheter during the procedure 
to prevent the formation of clots. Small 
volume test doses of £o per cent hvpaque 
are manually injected under fluoroscopic 
control to ensure correct placement of the 
catheter. Assured of correct location, 30 cc. 
of £o per cent hvpaque (75 per cent in obese 
patients) is injected with a pressure injec- 
tor and serial roentgenograms are obtained 
with a rapid serial filming apparatus. Addi- 
tional injections in various obliquities and 
small volume selective renal artery injec- 
tions are performed when indicated. A 
roentgenogram of the abdomen 1s obtained 
ro minutes following aortography. All 
roentgenograms including those obtained 
during and following aortography are care- 
fully inspected for vascular anatomy and 
density of pvelograms. 

If definite persistent unilateral hyper- 
concentration of contrast medium 1s noted 
on the side of the renal arterial lesion com- 
pared to marked dilution on the opposite 
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Fic. 1. Case 1. Fifty-three year old hypertensive male. Isotope renogram, split renal function tests and aorto- 
gram were positive for right renal artery lesion. Pressure gradient across stenotic segment was confirmed 
at surgery. (4) Intravenous pyelogram. No visualization of right collecting system at 10 minutes. (B) Ten 
minute roentgenogram following modified aortogram. Relative hyperconcentration of right and “washout” 
of contrast in left collecting system confirming significance of right renal artery lesion. 


side, the procedure is terminated. If an 
arterial lesion is noted, but the concentra- 
tion of contrast medium is bilaterally 
equal, the catheter is withdrawn, and the 
puncture site is manually compressed for 
10 minutes. The patient is then further 
hydrated with 500—700 cc., as tolerated, of 
water orally. Roentgenograms of the ab- 
domen are obtained every 15 minutes and a 
comparison of the diminishing concentra- 
tion of contrast medium in both collecting 
systems is made. Roentgenography 1s ter- 
minated when a bilateral or unilateral 
marked dilution of contrast medium ıs 
demonstrated—usually within 60 minutes. 


RESULTS 


Isotope renograms were made as à 
screening procedure on patients with hyper- 
tension clinically compatible with a reno- 
vascular etiology. On the basis of positive 
renograms indicating unilaterally reduced 
vascularitv, 18 patients were subjected to 
intravenous pyelography, renal scans, and 
aortography performed as described above. 
Unilateral renal arterial lesions were angi- 
ographically demonstrated in 6 patients, 
all of whom came to operation. Five of 
these had positive intra-aortic pyelograms 
demonstrating hyperconcentration on the 
involved side and “washout”? of contrast 


from the collecting svstem on the opposite 
side. Pressure gradients were obtained at 
surgery, confirming the hemodynamic sig- 
nificance of these arterial lesions. The sixth 
patient did not show unilateral hypercon- 
centration on the intra-aortic pyelogram 
and no pressure gradient across the stenotic 
lesion was found at surgery. This arterial 
lesion was thus not significant as a cause of 
renal ischemia. Split renal function studies 
also confirmed unilateral decrease in vol- 
ume and hyperconcentration of urine in 4 
of the ș positive patients but were techni- 
callv unsatisfactory in the remainder. 


ROENTGENOGRAPHIC FINDINGS 


In 3 of the 5 positive cases (Figures 1 
through 5, inclusive) hyperconcentration in 
the collecting system of the involved kid- 
ney compared to marked dilution on the 
opposite side was noted on all roentgeno- 
grams obtained during aortography and 
resulted from excessive concentration of the 
small test dose of contrast medium initially 
injected. Bilateral equal visualization of the 
collecting systems was noted following the 
test dose injection in the other 2 patients. 
Follow up roentgenograms, however, dem- 
onstrated increasing dilution resulting in 
“washout? of contrast medium on the 
normal side, compared to relative hyper- 
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concentration and delayed “washout” on 
the involved side. 

Preoperative intravenous  pyelograms 
made in the customary dehydrated state 
did not demonstrate such evidence of uni- 
lateral hyperconcentration in any of the 
above patients. Delayed visualization on 
the involved side was noted in 3 of the , 
positive cases and nonvisualization was 


noted in the fourth. Unilateral decrease in 
renal size on the suspected side was noted 
in all 6 patients. 
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COMMENT 

Reviewing 500 aortograms obtained for 
a variety of vascular problems, Eyler e£ al.’ 
have noted renal arterial lesions in 32 per 
cent of normotensive patients. Unilateral 
renal artery stenosis, in a hypertensive 
patient must, therefore, be evaluated for 
physiologic significance. Correlation of 
data obtained from other procedures often 
supplies evidence of functional i Importance. 
Isotope renograms and minute sequence 
intravenous pyelograms may show a reduc- 





Fig. 2. 


Case 11. Fifty-two year old hypertensive female. Decreased right renal ps flow was shown by iso- 
tope renography. Split renal function tests were technically unsatisfactory. 


(4) Intravenous pyelogram. 


Ten minute roentgenogram demonstrating equal concentration bilaterally. (B) Aortogram. Localized 
dilatation and stenosis of main anterior branch of right renal artery (arrow). Pressure gradient across 


stenotic area found at surgery. (C) l 
right side and ' 


"irst roentgenogram at aortography. Relative hyperconcentration on 
washout” on left indicating significant right renal artery lesion. Contrast medium in the 


collecting system represents excretion of initially injected test dose. 
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FIG: 3. 
artery lesion. Split function tests were positive for left renal artery lesion. (4) Intravenous pyelogram. 
Fifteen minute roentgenogram showing bilateral equal concentration. (B) Aortogram. Stenotic lesion 
proximal left renal artery with poststenotic dilatation and collateral vessels. Pressure gradient found at 
surgery. (C) Last roentgenogram (8 sec.) at aortography. Relative hyperconcentration on left and marked 
dilution on right side indicating significant left renal artery lesion. Contrast medium in collecting system 
represents excretion of initially injected test dose. 


tion in renal plasma flow, and split renal 
function tests may reveal excessive tubular 
reabsorption of water and sodium on the 
affected side. The results from these tests, 
however, do not always coincide.^ In 
addition, occasional technical difficulties, 
such as leakage around ureteral catheters, 
"reno-renal" reflexes, and faultv position- 
ing of scintiscanning probe, may detract 
from the validitv of the results.? 

The above described modification and 


Case 111. Twenty-three year old hypertensive female. Isotope renogram was positive for right renal 


extension of aortography are not intended 
as a substitute for these tests but as a sim- 
ple means of obtaining additional informa- 
tion which 1s useful, correlated with other 
procedures, in evaluating the significance 
of angiographically demonstrated renal 
arterial lesions. The main advantages are 
simplicity and ease of performance—re- 
quiring no elaborate equipment and en- 
tailing little if any added risk. Experience 
is still limited, however, and the value and 
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lic. 4. Case 1v. Thirty-three year old hypertensive female. Isotope renogram and split function tests were 
positive for right renal artery lesion. (4) Intravenous pyelogram. No visualization of right collecting system 
at 15 minutes. (B) Aortogram. Localized area of fibromuscular h yperplasia of right renal artery (arrow). 
Pressure gradient found at surgery. Note visualization of right renal pelvis. (C) Last roentgenogram (8 sec.) 
at aortography. Relative hyperconcentration on right and “washout” on left side of initial test dose of 
contrast medium. This indicates significant right renal artery lesion. 
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Fic. 5. Case v. Forty-seven year old hypertensive female. Isotope renogram and split function tests were 
positive for right renal artery lesion. (4) Intravenous pyelogram. Equal concentration bilaterally at 15 
minutes. (B) Aortogram. Fibromuscular hyperplasia (arrow) of right renal artery. Pressure gradient 
found at surgery. (C) Forty minute roentgenogram following modified aortography. Relative hypercon- 
centration on right side and “washout” of left collecting system, indicating significant right renal artery 
lesion. 


degree of accuracy are not definitely estab- 
lished. 

Large quantities of fluid should not be 
injected into patients with poor renal 
function or congestive failure; adequate 
hydration in such cases, however, may 
often be achieved with oral fluids. 

Optimum hydration during aortography, 
in addition to demonstrating accessory 
physiologic information, may decrease the 


incidence of complications. Abrams! sug- 
gests optimum hydration prior to angiog- 
raphy as a means of decreasing toxicity and 
Garber and HRead'" have postulated the 
protective effect of hypervolemia in angi- 
ography. 

This method mav not reveal unilateral 
hyperconcentration in the presence of seg- 
mental renal artery obstruction. In such 
cases, increased density of contrast medium 
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excreted from ischemic segments may be 
diluted with urine from the normal cortex 
and thus not be apparent.*! 

In addition, severe occlusive renal artery 
lesion may result in such a marked reduc- 
tion in renal plasma flow and glomerular 
filtration rate that too little contrast 
medium may cross the glomerulus for the 
subsequent excessive tubular water reab- 
sorption to make any difference in density. 
In such a case hyperconcentration will not 
be observed on the affected side.^"" The 
extent of such a lesion, however, and its 
effect on renal blood flow should be evident 
on the aortogram. 


SUMMARY 


A modification and extension of aortog- 
raphy in the evaluation of renovascular 
hypertension are described. Performance 
under conditions of hydration and inspec- 
tion of pyelograms thus obtained may pro- 
vide roentgenographic evidence confirming 
the hemodynamic significance of renal ar- 
terial lesions as a cause of renal ischemia. 
The technique, physiologic rationale, ad- 
vantages and limitations are also discussed. 


Harbor General Hospital 
1000 W. Carson Street 
Torrance, California 
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URETERAL MANIFESTATIONS IN CHRONIC 
PYELONEBEPHRIIIS* 


A ROENTGEN DIAGNOSTIC STUDY 


By BELA GONDOS, M.D.T 


WASHINGTON, D. C. 


HRONIC pyelonephritis is an insidious 
and progressive disease which fre- 
quently escapes clinical detection during 
the lifetime of the person affected.! Roent- 
gen examination may at times be the only 
way leading to diagnosis and this is the 
only method permitting evaluation of the 
degree, extent and distribution of the dis- 
ease. The recognition of the fact that this is 
the most common lesion leading to uremia 
and a common cause of hvpertensive cardi- 
ovascular disease has directed increasing 
attention toit. The problems encountered in 
chronic pyelonephritis have recently been 
reviewed?" and the value of the roentgen 
examination amply discussed.” 975,16,214 
The most important roentgenographic fea- 
tures have been summarized by Hodson" as 
follows: (1) localized deformity (mostly 
clubbing) of one or more of the calyces; (2) 
circumscribed narrowing of the renal cortex 
at the level of the calyceal deformity; and 
(3) irregular distribution of these changes. 
Nonetheless, in the early phase the roent- 
gen examination is often unrevealing and 
patients with clinically and bacteriologically 
established diagnosis of chronic pyelo- 
nephritis may present no obvious abnor- 
malities on excretory and retrograde uro- 
graphic examination. Also, chronic pyelo- 
nephritis preceded by chronic obstructive 
uropathy may be difficult or impossible to 
differentiate from uncomplicated hydro- 
nephrosis. 

The purpose of the present study is to 
suggest that an organic stenosis or an ad- 
herent kink of the body of the ureter (or a 
combination of both) may be used as a sign 
indicative of chronic pyelonephritis. In- 
flammatory stenosis of the ureter was de- 


scribed by Hunner!*!5 as far back as 1924 
and 1927, and confirmed, after necropsy of 
100 cases, by Schreiber? in 1927. Recently, 
there have been scattered publications on 
the urographic demonstration of ureteral 
obstruction of inflammatory nature, pro- 
duced either bv a stricture or granuloma- 
tous proliferation.??:?*?» The relationship 
of ureteral stenosis to chronic pyelonephri- 
tis is mentioned also in some textbooks.?^?! 
However, the diagnostic value of organic 
stenosis and adherent kink formation of the 
body of the ureter, particularly the latter, 
has not generally been considered. They 
occur most frequently in the lumbar seg- 
ment and less frequently in the area where 
the iliac artery crosses the ureter. These 
two changes and their relationship to 
chronic pyelonephritis are the subject of the 
present paper. The ureteropelvic and ure- 
terovesical junctions are excluded since (1) 
these areas are also common locations for 
developmental anomalies associated with 
variable degrees of obstruction; (2) the 
sphincteric function of these two junctions 
would make a differentiation from an early 
organic stenosis difficult; and (3) emphasis 
is placed in the present study on the ad- 
herent kink formation which can be easily 
identified in the body of the ureter only. 


MATERIAL 


Twenty-four cases of organic stenosis or 
adherent kink formation involving the 
body of the ureter came to our attention 
during the last 5 years. One case (Case 11), 
observed more than § years ago, was in- 
cluded because of its particular interest. 
This is a partly prospective and partly 
retrospective study and does not represent 


* From the Department of Radiology, District of Columbia General Hospital, Washington, D. C. 
t Chief Medical Officer, Dept. of Radiology, District of Columbia General Hospital and Assistant Clinical Professor of Radiology, 
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TABLE Í 


CONDITIONS (OTHER THAN CHRONIC PYELONEPH RITIS) 
TO BE CONSIDERED IN THE PATHOGENESIS OF ORGANIC 
STENOSIS AND ADHERENT KINK OF THE BODY 
OF THE URETER 


1. Ureteral stone (as a cause of traumatic stenosis) 

2. Previous surgery in the area involved (including 
injuries produced by catheterization) 

3. Radiation therapy of the area involved 

4. Pelvic tumor 

c. Pelvic or retroperitoneal inflammatory process 


(appendiceal abscess, adnexitis, diverticulitis, 
segmental enteritis, lymphopathia venereum, 
etc.) 

6. Tuberculosis; this is a common complication and 
should be eliminated in each case of ureteral sten- 
osis by urine culture 

7. Idiopathic retroperitoneal fibrosis: gradually 
tapering narrowing; medial deviation of the 
ureter; catheter usually passes the obstruction 
without difficulty 

8. Retrocaval ureter: this may simulate an adher- 
ent kink; it occurs on the right side except in situs 
inversus; the retrocaval portion of the “S” 
shaped loop is located more posteriorly and can 
be visualized in oblique and lateral views 

9. Neoplasm of the ureter: papillary tumors gener- 
ally produce an expansion of the ureteral lumen 
and a filling defect within it; nonpapillary tumors 
may simulate an inflammatory stricture 

10. Congenital stenosis or kink of the body of the 
ureter (see text) 

11. Endometriosis of the ureter: this occurs in the 
pelvic portion and may be external or intra- 
luminal; in the latter the urographic appearance 
may resemble tumor of the ureter; the bladder 1s 
the most commonly involved part of the urinary 
tract 

12. Bilharziasis: this is a chronic process which, in 
addition to involvement of the bladder, leads to 
stricture and to particular calcifications in the 
wall of the lower portion of the ureter; unusually 
large concretions may be present; it generally 
occurs in endemic areas 

13. External injury 


~ 


a systematic review of all of the related 
cases of this hospital during this period. 


PATHOGENESIS AND DIFFERENTIAL 
DIAGNOSIS OF URETERAL STENOSIS 
AND ADHERENT KINK 
Several conditions other than chronic 


pyelonephritis may also be responsible for 
an organic stenosis or an adherent kink of 
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the body of the ureter (Table 1). These con- 
ditions were taken in consideration and 
ruled out before the existing chronic pvelo- 
nephritis was accepted as the cause of the 
ureteral changes described and before the 
respective case was included in this series. 

Ureteral spasm should not be confused 
with organic stenosis. The ureter 1s a very 
sensitive organ and quickly responds with 
spasm to mechanical insults such as in- 
strumental manipulation during retrograde 
pvelography.? The absence on re-examina- 
tion of a previously demonstrated "stenosis" 
does not necessarily indicate a spasm. At 
times, an organic stenosis of the ureter may 
not be visualized unless the adjacent unin- 
volved segments are adequately distended. 
In other words, the stenosis becomes appar- 
ent in these cases by its inability to distend. 
In excretory urographv, the distention of 
the ureter changes from second to second 
and is greatly affected by the magnitude of 
the diuresis. In a retrograde studv the dis- 
tention 1s under the control of the op- 
erator. Without adequate distention of the 
ureter, a partial organic obstruction may 
be completely missed. 

Patients with concretion of the upper 
urinary tract were excluded from this study 
except one case (Case vir). It was be- 
lieved that in this patient the concretion 
had no pathogenetic significance in the 
formation of the ureteral stenosis or kink; 
this case is presented in detail. 

The question of possible congenital 
origin of the stenosis and kink formation 
was given particular attention. The inci- 
dence of congenital stenosis of the ureter in 
children was determined by Campbell? on 
the basis of a series of 19,046 postmortem 
examinations. There were 123 cases of 
stenosis considered to be congenital. The 
most frequent location was in the uretero- 
vesical junction (51 per cent), less com- 
monly in the ureteropelvic junction (34 per 
cent), and infrequently in the body of the 
ureter (15 per cent). Clinical observations 
of congenital stenosis in the body of the 
ureter are recorded as rarities. Sargent?! 
reported congenital stenosis in a 38 year 


Vot. 92, No. 4 


old man. Campbell? described the case of a 
3 vear old girl with a filiform stenosis in the 
lower third of the left ureter associated 
with an ectopic orifice. Ostling?® in an 
autopsy study noted the presence of 
mucosal valves of the fetal ureter, which— 
according to Campbell—usually disappear 
as the child grows older. In Campbell's? 
autopsy series of 123 children with con- 
genital ureteral stenosis, mucosal folds were 
found in 12 cases. In contrast, in 32,384 
autopsied adults no ureteral folds were 
found. Single cases of obstruction produced 
bv congenital valves have been reported by 
MacLean,” Campbell? and Busch e a7? 

Kink of congenital origin is extremely 
rare. A case of a "true congenital kink” in a 
$ year old girl is reported by Campbell.’ 
The kink was produced by a dense fibrous 
band passing from the lower pole of the 
kidney and transfixing the ureter. Acquired 
kink, on the other hand, is common; it 
develops whenever the ureter becomes— 
either relatively or absolutely—longer. It 
tends to occur in ptosis or in any other 
downward displacement of the kidney at 
the site where the segment adjacent to the 
kidney and the one attached to the peri- 
toneum meet. True elongation with con- 
secutive kink formation generally develops 
in connection with dilatation of the ureter, 
whatever the cause of the dilatation may 
be. The kink, if it is nonadherent, may 
disappear spontaneously or it may be 
eliminated by a positional change of the 
patient; it may also be eliminated by ure- 
teral catheterization. That a nonadherent 
kink may simulate an adherent kink cannot 
be sufficiently emphasized. It should be 
excluded by strictly applied criteria before 
an adherent kink is considered. One or more 
of the following criteria for the adherent 
character of a kink were utilized in this 
study and are proposed in a consideration 
of the differential diagnosis: 

1. The kink should be present during 
the full course of examination, including 
the positional change. The prone position 
was routinely employed in all excretory 
urographic studies. (The Trendelenburg 
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position has also been recommended for 
this purpose by kmmett.’) 

2. In case of doubt, the excretory urog- 
raphy should be repeated. 

3. Ureteral catheter should not eliminate 
the kink. 

4. Dilatation proximal to the kink must 
be present if the distention is adequate. 

5. There should be clear-cut visualiza- 
tion of the stenosis or kink on the urogram. 


RELATIONSHIP OF URETERAL STRICTURE 
OR KINK TO CHRONIC PYELONEPHRITIS 


Out of the 24 cases in which an organic 
stenosis or an adherent kink of the body of 
the ureter was demonstrated by one or both 
of the urographic methods, all but 1 patient 
showed evidence of chronic or recurrent 
pyelonephritis. The patient in whom no 
pyelonephritis was demonstrated had a 
long-standing lower tract infection. 

The diagnosis of pyelonephritis was 
established by the following methods: 


IO cases 
6 cases (in 3 of 
the 6 cases also 
by urography) 


Surgery or autopsy 
Bacteriologically (and clinically) 


One or both urographic methods 
(and clinically) 3 cases 
Clinically only 4 Cases 


REPORT OF CASES 


Case 1. Adherent lumbar kink at the psoas 
muscle border. D.R., a 6 year old girl, was ad- 
mitted to the District of Columbia General 
Hospital with a clinical. history of recurrent 
attacks of pyelonephritis, manifested by fever, 
back pain, dysuria, pyuria and bacteriuria since 
the age of 3 years. Urine culture grew Esche- 
richia coli and Proteus species. Several urine 
studies for acid fast bacilli were negative. Blood 
chemistry studies were also negative. There was 
no previous operation nor any history of 
urinary concretions. Cystoscopy showed evi- 
dence of a chronic inflammatory process and 
bladder neck contracture; for the latter a 
wedge resection was later performed. All retro- 
grade pyelograms demonstrated a persistent 
kink of the left lumbar ureter at the psoas 
muscle border with a moderate dilatation proxi- 
mal to the kink. No deformity of the calyces or 
infundibula was apparent on the pyelograms 





Case 1. Adherent kink of the lumbar ureter 


PIG. T. 
at the psoas muscle border. Chronic pyelo- 
nephritis. Left retrograde pyelograms (4) before 
and (B) after removal of the catheter. 


(Vig. 1, Z and B). Subsequent operation re- 
vealed “a reduplicated kink just below the 
lower pole of the kidney.” A catheter intro- 
duced from the kidney pelvis to the kink would 
not pass the area of the kink. The ureter was 
freed with sharp blunt dissection and a longi- 
tudinal incision was made in the area of the 
kink which showed a localized thickening of the 
muscular wall, resulting in narrowing of the 
lumen. After this incision the catheter was 
passed down the ureter and into the bladder. 


Comment. The long standing pyelo- 
nephritis had obviously resulted in ureteri- 
tis and intrinsic narrowing of the lumen as 
well as periureteritis and adhesion at the 
psoas muscle border. This type of relation- 
ship to the psoas muscle border is rela- 
tively common in this condition!!! 


Case 11. Adherent lumbar kink and ureteritis 
cystica. T.L., a 75 year old male, was admitted 
for repair of an inguinal hernia. There was a 
history of backache and repeated episodes of 
gross hematuria. Physical examination revealed 
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tenderness over the area of the left costoverte- 
bral angle; otherwise, the patient was in a good 
general condition. No enlargement of the 
prostate gland was palpable. There was micro- 
scopic hematuria. Urine culture was negative 
tor tuberculosis and positive for nonhemolytic 
streptococcus and staphylococcus. Retrograde 
pvelography disclosed a left lumbar kink per- 
sistent throughout the examination. Proximal 
to the kink, the urinary passages were moder- 
ately dilated; this segment of the ureter fol- 
lowed the direction of the lateral border of the 
psoas muscle. Characteristic changes of pyelitis 
cystica and ureteritis cystica were present but 
they were limited to the segment proximal to 
the kink. The infundibulum of the left middle 
calyx was not visualized probably due to steno- 
sis (Fig. 2, Æ and B). There was also evidence 
of a contracted right kidney with characteristic 
pyelographic changes of chronic pyelonephritis 


Fic. 2 Case 11. (4 and B) Adherent kink in a case of 
ureteritis cystica. The ureteritis cystica is limited 
to the area proximal to the kink. Chronic pyelo- 
nephritis. 
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(not illustrated here). Left nephrectomy was 
performed. The renal fascia and periureteral 
tissues were found markedly thickened. Exten- 
sive and marked periureteritis made the identi- 
fication, section and isolation of the lumbar 
ureter extremely difficult. Microscopic study 
showed evidence of long standing, chronic 
pyelonephritis and pyelo-ureteritis. 


Comment. Attention is called to the rela- 
tionship of the adherent lumbar ureter to 
the psoas muscle. Another interesting fea- 
ture of this case is the particular limitation 
of the roentgenographic manifestations of 
ureteritis cystica to the area proximal to 
the kink. The partial obstruction produced 
by the kink apparently resulted in aggrava- 
tion of the infection in this area. 


Case ul. Ureteral kink at the crossing with the 
iliac artery. V.T., a 16 year old female, was ad- 
mitted to the District of Columbia General 
Hospital with a diagnosis of a twin pregnancy 
of 26 weeks and a chronic pyelonephritis of 8 
weeks' duration. At the time of admission, the 
patient had a low grade fever, right flank pain 
and tenderness in the right costovertebral 
angle. The patient denied any chill, nausea or 
vomiting, dysuria or hematuria. Urine exam- 
ination revealed glycosuria, proteinuria (+1), 
a 10-15 white blood cell count per high power 
field and bacteriuria. On a previous excretory 
urography a very poor concentration of the 
opaque material was demonstrated on the right; 
there was good excretion on the left. At cystos- 
copy, the dye appeared in 3-4 minutes on the 
left, whereas on the right only traces were seen 
after 15 minutes. Retrograde pyelography re- 
vealed marked dilatation of the right urinary 
passage proximal to the level of the first sacral 
segment and a twin pregnancy. The dilatation 
was considered far out of proportion to what is 
usually seen in pregnancies (Fig. 3/7). In order 
to save the kidney an immediate ureterostomy 
seemed to be indicated. At operation a markedly 
dilated ureter was found and there was a 
moderate degree of perinephritic reaction. The 
ureterostomy was made 2 cm. below the 
ureteropelvic junction and a T tube was in- 
serted. Prior to the placement of the T tube a 
No. IO catheter was passed down the ureter 
and encountered obstruction at the approxi- 
mate site which had been noted at the time of 


cystoscopy and attempted retrograde study. 
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Fic. 3. Case 111. Ureteral kink at the crossing with 
the iliac artery. (47) Retrograde pvelogram during 
pregnancy. (B) Pyelogram using a T tube in the 
ureter after the termination of the pregnancy. 


Culture of urine obtained through the T tube 
produced 2+ E. coli and 4+ Pseudomonas. 
Pyelography (through the T tube) 25 months 
later indicated only a slight decrease of the 
hydronephrosis. A medial ‘‘angulation” of the 
ureter, produced by a kink, directed medially, 
was present at the level of the first sacral seg- 
ment. This is the site where the obstruction was 
noted on catheterization and retrograde pyelog- 
raphy during the time of pregnancy. The 
ureter at present shows considerable dilatation 
proximal to the T tube and a decreased caliber 
distal to it. This difference in the caliber be- 
tween the segments proximal and distal to the 
T tube is the result of the drainage and the 
decreased urine flow beyond the T tube. The 
“obstruction” produced by the kink and noted 
during the operation obviously allows adequate 
passage for the diminished flow through the 
ureter distal to the T tube (Fig. 38). 


Comment. Right pyelonephritis, de- 
veloping or recurring during pregnancy, 
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FrG. 4. Case 1v. Right ureteral stricture extending 
downward from the crossing with the iliac artery. 
(4) Retrograde pyelogram. The degree of stenosis 
increases in distal direction. (B) Excretory uro- 
gram. Very poor visualization by opaque ma- 
terial. The dilated urinary passage is outlined by 
gas produced by gas forming organisms. 


resulted in a kink formation at the crossing 
with the iliac artery. 


Case 1v. Stenosis of the pelvic ureter down from 
the crossing with the iliac artery. A.L., a 48 year 
old male, was admitted with a 7 day history of 
fever, malaise, vomiting, right flank pain and 
tenderness, and hematuria. At least one similar 
episode had occurred 12 years ago. The patient 
had had a prostatic adenoma and bladder neck 
obstruction for which surgery had been per- 
tormed. 

Bilateral retrograde pyelography revealed an 
extensive narrowing of the right ureter. It began 
at the level where the iliac artery crosses the 
ureter and increased distally to the degree of 
an apparent obliteration of the lumen. Proximal 
to the stenosis the urinary passage was con- 
siderably dilated and the renal cortex was 
markedly narrowed. The transition between the 
dilated and narrowed segments of the ureter at 
about the crossing with the iliac artery was 
fairly abrupt (Fig. 4.7). On the left were char- 
acteristic roentgenographic changes of chronic 
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pyelonephritis (not illustrated here). One day 
prior to the retrograde study, an excretory 
urography was pertormed which showed delayed 
appearance of a minimal amount of opaque 
material on the right; most of the right urinary 
passage was visualized by gas content, prob- 
ably produced by gas-forming organisms. The 
gas-filled ureter could be traced down to the 
point of stricture demonstrated on the retro- 
grade pyelogram (Fig. 48). On the left good 
visualization was obtained by opaque material 
and chronic pyelonephritis was evident. A 
right nephrectomy and partial ureterectomy 
were performed. The removed kidney consisted 
of a pyonephrotic sac with a markedly thinned 
cortex. The ureter was found densely adherent 
and indurated. It was traced down 2 cm. below 
the point where it crosses the iliac artery. 


Comment. Lower urinary tract obstruc- 
tion and infection were the most likely 
causes of the inflammatory process of both 
upper tracts. Reflux of the infected urine 
carrying the infection into the ureters re- 
sulted in right ureteritis and bilateral 
chronic pyelonephritis. The abrupt prox- 
imal end of the stricture at the crossing 
point with the iliac artery and the gradual 
increase of the narrowing toward the blad- 
der are noteworthy. It may be postulated 
that the "sphincteric action” of the “‘phys- 
iologic narrowing" at the crossing with the 
iliac artery exerted some protection against 
the ascending infection and inflammatory 
process (compare with Case 11). 


Case v. Congenital narrowing at the uretero- 
pelvic junction and an adherent lumbar kink, 
P.P., a 27 vear old female, has had a recurrent 
left pyelonephritis since the birth of her first 
child. During a subsequent pregnancy the pa- 
tient developed a right sided pyelonephritis 
with the classic clinical manifestations. Culture 
of urine, obtained by right ureteral catheteriza- 
tion, produced Paraco/on and Aerobacter bacilli. 
Three urographic examinations (Fig. 5, 4, B 
and C), performed at different times, showed a 
persistent kink of the right lumbar ureter and 
moderate dilatation of the urinary passage 
proximal to the kink. During retrograde urog- 
raphy (Fig. 5C), the ureteral catheter passed 
but did not eliminate the kink. In addition to 
the lumbar kink, there was a distinct narrowing 
at the ureteropelvic junction. At surgery, a 
definite narrowing was found in the uretero- 
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pelvic junction and resected. The kink of the 
ureter was not looked for and was not identi- 
fied as such. 


Comment. The stenosis at the uretero- 
pelvic junction was considered to be con- 
genital in origin. This obstruction probably 
resulted in pyelonephritis followed by a de- 
scending infection or aggravating an exist- 
ing infection of the ureter with consecutive 
periureteritis and adherent kink formation. 
Pregnancy is considered as having con- 
tributed to this inflammatory process. 


Case vi. Stenosis at the ureteropelvic junction 
and at the iliac artery. M.K., a 71 year old fe- 
male, has had a history of intermittent hema- 
turia of 3 years’ duration, also symptoms of 
urgency, frequency, dysuria and nocturia. 
There was a steady dull pain in the right flank 
for a period of 4 days. Right retrograde pyelog- 
raphy revealed evidence of chronic pyelo- 
nephritis with clubbing and marked irregular 
dilatation of the calyces and irregular thinning 
of the cortex. There was a stenotic segment in 
the area of the ureteropelvic junction. Another 
narrowing, 3 cm. in length, was present in the 





Fic. §. Case v. Congenital narrowing at the uretero- 
pelvic junction and adherent lumbar kink. Chronic 
pyelonephritis. (4) Excretory urogram. (B) Ex- 
cretory urogram 18 months later. (C) Retrograde 
pyelogram 3 months following the second excre- 
tory urography. Catheter did not eliminate the 


kink. 
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Fic. 6. Case vr. Congenital stenosis at the uretero- 
pelvic junction and stenosis at the crossing with 
the iliac artery. Chronic pyelonephritis. (4) Right 
retrograde study. (The superimposed shadow over 
the upper calyx is the patient’s hand.) (B) Ex- 
cretory urogram 3 months later. 


area where the ureter crosses the right iliac 
artery. Proximal to the stenosis, the ureter was 
considerably dilated; distal to it, it was grossly 
normal in caliber (Fig. 6.7). Excretory uro- 
grams 3 months later showed a probable de- 
crease in the concentration of the opaque ma- 
terial. The anatomic status of the right kidney 
was similar to that seen on the retrograde study 
(Fig. 65). On cystoscopy, bladder neck con- 
tracture was observed with marked exudate 
throughout the bladder, coming from the right 
ureteral orifice. Clear efHux was noted from the 
left ureter. Culture of bladder urine was nega- 
tive for acid fast bacilli, but positive for Pseudo- 
monas, E. coli and Proteus species. Blood urea 
values varied between 25 and 50 mg. per cent. 
The patient died 12 months after the excretory 
urographic study. The autopsy diagnosis was 
marked bilateral pyonephrosis and pyoureter, 
focal multiple ureteral stenosis with hyper- 
trophy of the wall, and acute pyelonephritis. 


Comment. The series of events was prob- 
ably initiated by the stenosis at the uretero- 
pelvic Junction, which was considered to be 
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congenital. It resulted in recurrent pyelo- 
nephritis, followed by descending infection 
or aggravation of an existing infection, with 
ureteritis and stricture at the crossing with 
the iliac artery. 


Case vir. Adhesion and lateral angulation of 
the distal half of both ureters; stricture of the 
pelvic segments of the ureters; chronic pyelo- 
nephritis. J.S., a 56 year old male, has had a 20 
year history of lower urinary tract infection, 
left flank discomfort and distress in the lower 
abdomen. Bladder urine (by catheter) was 
purulent and on culture produced Paraco/lon 
species. Several cultures for acid fast bacilli 
were negative. Excretory urography revealed 
moderate dilatation of the right kidney pelvis 
and calyces, and there was a persistent lateral 
displacement and 'angulation" of the distal 
half of the right ureter. The visualization of 
the dilated ureter by opaque material abruptlv 
terminated at about the crossing with the iliac 
artery. This area was 3 cm. distal to the point 
of the lateral “angulation.” Further distally, 
no definite visualization was obtained (Fig. 
74). In an excretory urography about a year 
later, essentially the same anatomic finding 
was demonstrated with the exception that the 
right pelvic ureter also became visualized in a 
similar fashion to that seen on the left, illus- 
trated in Figure 7B, suggesting a gradual 
stenosis toward the bladder. At the area of the 
crossing with the iliac artery, a distinct nar- 
rowing was identified on this second study. On 
the left, no visualization was obtained on any 
of the excretory urograms. At cystoscopy 
marked cystitis cystica with pronounced trabec- 
ulation and multiple diverticula was observed. 
On the basis of an erroneous diagnosis of per- 
formation of the bladder, a suprapubic cystot- 
omy was performed. Marked perivesical in- 
duration and fibrosis were found. Several loops 
of the large and small bowel were densely 
adherent to the dome of the bladder. Biopsy 
revealed marked chronic cystitis glandularis 
cystica. One year following surgery a left 
retrograde study was performed. The catheter 
could be introduced only as high as 1 cm. The 
retrograde pyelogram showed an angulation of 
the left ureter similar to that on the right seen 
on the excretory urogram obtained 3 weeks 
prior to the surgery. There was evidence of 
stricture involving the distal few centimeters 
of the left ureter. The stricture increased 
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distally, with the narrowest portion being in 
the area of the distal orifice. There was marked 
dilatation of the rest of the ureter, kidney pelvis 
and calyces (Fig 78). At operation, performed 
for caleuli in the left lower calyx, acute and 
chronic pyelonephritis was diagnosed. Urine 
culture at that time produced Streptococcus 
haemolyticus and Clostridium perfringens. 


Comment. This patient had a left 
chronic pyelonephritis and ureteritis with 
stricture of the distal segments of the 
ureters. Also, there was periureteritis with 
extensive adhesions and chronic bladder 
infection with an excessive perivesical 
extension of the inflammatory process. On 
the right similar ureteral changes were 
present, though the chronic pyelonephritis 
on this side was not proved by separate 
bacteriologic study. Because of the bilateral 
symmetric changes of the ureters, the 
bladder infection was considered to be the 
primary disease with consecutive exten- 
sions into the ureters and the kidneys. The 
areas closest to the bladder were most 
markedly involved as indicated by the 
distally increasing stenosis, whereas the 
more proximal portions of the ureters 
showed less pronounced involvement. Ob- 
viously the inflammation involved not only 
the urothelium of the ureters, but it ex- 
tended beyond the wall of the ureters in a 
symmetric fashion—following the pattern 
of the extensive perivesical inflammatory 
process. The symmetric lateral displace- 
ment and “angulation” of the ureters were 
the manifestations of the bilateral ureteri- 
tis. Probably there was a moderate stenosis 
of the right ureter at the crossing with the 
iliac artery. 


DISCUSSION 


In 5 out of the 24 cases presented in this 
material, the organic nature of the stricture 
and the adherent character of the kink were 
confirmed by direct observation. In 1 pa- 
tient (Case 1m) the obstruction was in- 
vestigated during surgery by a catheter 
introduced through the opening of a ure- 
terostomy. This obstruction also was felt 
to be of an organic nature. In the rest of the 


VoL. 92, No. 2 


cases, the ureters were studied by roent- 
genographic methods (urographic and cath- 
eterization studies) only, and the criteria 
discussed earlier were employed in their 
evaluation. It should be noted that at 
surgery milder degrees of periureteral ad- 
hesions may be easily overlooked, and even 
more marked changes may escape notice at 
autopsy when the usual procedures are 
employed. The incidence is probably higher 
than is apparent from roentgenographic 
examinations, surgery or autopsy. 

The demonstration of chronic pvelo- 
nephritis in 23 out of 24 cases showing in- 
trinsic stenosis or adherent kink of the 
body of the ureter is not regarded as pure 
coincidence. In the one exception there was 
a chronic lower tract infection and the 
probability of a chronic. pyelonephritis 
may still be present. It is generally recog- 
nized that chronic pyelonephritis is not de- 
tected during life time in a high percentage 
of patients. Brod! reported a series of 74 pa- 
tients who died of chronic pyelonephritis 
in the period of 1952-1954 and the disease 
was recognized before death only in 24 
cases (32 per cent). An even less favorable 
percentage of detection is given in patho- 
logic textbooks. From the statistical data 
presented in this paper, it is concluded that 
a causative relationship exists between the 
two conditions. It is felt that the ureteral 
changes are the direct sequelae of chronic 
pyelonephritis, and, consequently, the dem- 
onstration of an organic stenosis or an ad- 
herent kink involving the body of the 
ureter is considered as strong suggestive 
evidence of chronic pyelonephritis. A pre- 
existing ureteral obstruction of congenital 
origin can be eliminated on the basis of 
extreme rarity of congenital stenosis and 
kink involving the body of the ureter. This 
is further supported by our surgical obser- 
vations. Other causes generally do not pre- 
sent differential diagnostic difficulties. If 
these are excluded and the organic nature 
of the ureteral changes is established, the 
diagnosis of chronic pyelonephritis may be 
entertained. As an established diagnostic 
sign, this can be particularly valuable in 
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cases of "lower tract infections" in which 
adequate clinical, laboratory or bacterio- 
logic evidence is not available for a diag- 
nosis of chronic pyelonephritis, and if a 
roentgenologic diagnosis cannot be made on 
the basis of presently accepted criteria. 

A kink of the ureter was observed in 
this material more frequently than an 
intrinsic stricture; the two also may occur 
together (Case 1). It seems probable that in 
some cases of ureteritis all lavers of the 
ureteral wall become involved with a 
predominant participation of the adven- 
titia. This may account for the relative fre- 
quency of adherent kinks, which commonly 
are located in the lumbar segment at the 
psoas muscle border in the same area where 
nonadherent kinks also appear! ?? (Fig. 1, 
AZ and 8:2, A and B; and $,/4, B and C). 
A differentiation between the two types of 
kinks—so important clinically—is occasion- 
ally very difficult. A kink at the crossing 
with the iliac artery may show an “‘angula- 
tion" directed medially (Case 111). This is 
an artefact of projection produced by the 
two limbs of a curved kink which are actu- 
ally located in two different planes of 
depth. Intrinsic stenosis tends to develop 
mainly in the areas of physiologic nar- 
rowings. It most commonly occurs in 
the ureteropelvic and ureterovesical junc- 
tions, but it is also known to occur in the 
area of crossing with the iliac artery.’ 
Recently, Clark® has suggested that an 
aberrant ovarian vein might produce a right 
ureteral obstruction at the level of Sr, or 
rarely elsewhere. According to him, this 
deviated vein ordinarily causes no symp- 
toms until it enlarges during pregnancy, 
when it gives rise to the “right ovarian vein 
syndrome." We believe, however, that the 
area of the ureteral involvement in his cases 
is identical to that under discussion in the 
present paper and that the angulation 
noted on the urograms is related to the iliac 
artery. The good surgical results reported 
by Clark? may be explained by the surgical 
manipulation of the respective portion of 
the ureter, resulting in an inadvertent 
"ureterolysis" and subsequent relief of the 


338 





Fic. 7. Case vir. Symmetric lateral displacement and 
angulation of the ureters and stenosis of the left 
pelvic ureter. This is a composite Figure of an 
excretory urogram, the left half of which has been 
removed (4) and a left retrograde pyelogram 
made approximately 1 year later (8). 


incomplete obstruction. We have observed 
temporary filling defects in ureters—other- 
wise believed to be normal—produced by 
the iliac artery (Fig. 8.7). The location, 
shape and size of these pressure detects 
seem to be consistent with this interpreta- 
tion. Figure 8.7, as well as some of our other 
illustrations, are similar to those presented 
by Clark. The mechanical effect of the 
liac arterv on the ureter can be demon- 
strated also bv aortic catheterization or 
aortographv if they are combined with 
excretory urography (Fig. 85). It is well 
known that the lumbar peristaltic spindling 
generally ends in this area, but the occa- 
sional presence of a pressure effect is gener- 
ally not appreciated. Calnan ez a7s* finding 
that the iliac artery can produce obstruc- 
tion of the iliac vein 1s pertinent to this 
subject. There is a tendency for adhesion 
and kink formation at this same location. 
Also, the most pronounced changes in idio- 
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pathic retroperitoneal fibrosis tend to occur 
in the area of the iliac artery.?^?7 

In 2 of our cases with pre-existing lower 
urinary tract infection, the most marked 
ureteral changes were demonstrated in the 
pelvic portion of the ureters in the neigh- 
borhood of the bladder (Cases 1v and vri). 
The stenosis of these ureters gradually 
decreased in the proximal direction. In one 
of these cases (Fig. 7, £ and B) the ureteral 
changes developed in a grossly symmetric 
fashion, suggesting that the source of in- 
fection was in the bladder. These observa- 
tions are in conformity with Talbot's? in- 
teresting autopsy study on the develop- 
ment of pyelonephritis which occurred in 


Fic. 8. Demonstration of the pressure effect on the 
ureter produced by the iliac artery. (4) Excretory 
urogram (left half has been removed) of a 42 year 
old male. Note the sharply delineated pressure 
defect consistent with the location, size and shape 
of the iliac artery. The patient had paraplegia. 
(B) Aortic catheterization combined with an ex- 
cretory urogram in a 44 year old female. Catheter 
indicates the location and direction of the iliac 
artery. Note pressure effect on a double right 
ureter. Similar effect was seen on the subsequent 
contrast study of the aorta and iliac artery. This 
examination was a part of a work-up for hyper- 
tension. The patient also had a history of urgency, 
frequency and nocturia but there was no evidence 
suggesting pyelonephritis. 
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association with ureteral reflux resulting 
from spinal cord injuries. In this study the 
ureter was found grossly involved in all of 
the 11 patients in whom pyelonephritis de- 
veloped and inflammatory changes of the 
ureteral wall were demonstrated in all of the 
7 cases of which microscopic examination 
was available. In 2 cases in which clinically 
obvious cystitis had been present, micro- 
scopic examination indicated that the 
most marked inflammatory process in- 
volved the distal portion of the ureter and 
that it decreased in degree when followed 
upwards. Talbot's observations and our 
findings may be of interest in the light of 
the recent reflux theorv of pvelonephritis. 
There have been convincing experimental 
and clinical data which suggest that in the 
ascending tvpe of infection ureteral reflux 
is responsible for the development ot pvelo- 
nephritis and that the carrier of the infec- 
tion is the urine.?:1419:39,35 This seems to be 
the pathogenesis not onlv in patients who 
have lower urinary tract obstruction or an 
underlying neurologic disease but also in 
cases of pyelonephritis without obstruc- 
tion, commonly called nonobstructive or 
primary pyelonephritis. In the 2 patients 
under discussion, the ureteral segment 
closest to the bladder had the most pro- 
longed and frequent exposure to the infec- 
tion, consequently this segment showed the 
most pronounced sequelae of the inflam- 
matory process, 7.e., the most marked sten- 
osis. It may be noted that Schreiber? in 
1927, in an autopsy study on ureteral 
strictures, reported a similar case and sug- 
gested a similar pathogenesis. 

In contrast to the above discussed mech- 
anism, in some cases the route of perpetua- 
tion and extension of the infection—at 
least in part —muight have been descending 
in direction. This, in some instances, may 
be secondary to a primarily ascending type 
of infection. Stenosis at the ureteropelvic 
junction of congenital origin (Cases v and 
v1), which is associated with another area 
of involvement of the ureter, seems to be- 
long to this group. The important role of 
obstruction in the development of pyelo- 
nephritis is generally accepted? and ade- 
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quately documented in experimental stud- 
ies, based on the intravenous injection of a 
culture of Escherichia coli into the sys- 
temic circulation following the application 
of a ligature to one of the ureters. Usually, 
pyelonephritis develops on the side of the 
ligature, whereas the unligated side remains 
tree from disease. It can be postulated that 
in Cases v and vi, the first localization of 
the infection in the upper tract was prox- 
imal to the congenital stenosis and that the 
ureteral changes at the lower level de- 
veloped secondarily. 


SUMMARY 


1. Twenty-four cases of organic stenosis 
and adherent kinks of the ureter were stud- 
ied at the District of Columbia General 
Hospital to determine whether a relation- 
ship between these two conditions and 
chronic pyelonephritis existed. 

2. Of the 24 cases, chronic pyelonephritis 
was found in 23. The one exception was a 
case diagnosed as "chronic lower tract in- 
fection.” 

3. It appears that an organic ureteral 
stenosis and an adherent kink of the body 
of the ureter are most commonly the result 
of chronic pyelonephritis. Tuberculosis can 
be excluded by urine culture. 

4. The demonstration of an organic 
stenosis or an adherent kink involving the 
body of the ureter, based on the criteria 
described, is considered an indication of a 
presently or previously active chronic 
pyelonephritis on the same side. 

c. This diagnostic sign may be present 
when other roentgen manifestations or 
clinical-laboratory and bacteriologic signs 
of chronic pyelonephritis are absent. 


Department of Radiology 
District of Columbia General Hospital 
Washington, D. C. 


This work could not have been done with- 
out the liberal use of the material and informa- 
tion obtained from the Urologic and Pathologic 
Services of this hospital. Thanks are also due 
to Dr. David S. Jacobs, Pathologist, Kansas 
City, Missouri, for the useful suggestions pro- 
vided during this study. 
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URETERAL JET STREAM PHENOMENON IN ADULTS* 


By PETER ZANCA, M.D.,t KIRBY G. BARKER, M.D., THEO H. PYE, M.D., 
WHELRUNG FU, M.D., and EDMUND L. HAAG, M.D. 


SAN ANTONIO, TEXAS 


HE forceful ureteral spurt or jet phe- 

nomenon has been described as occur- 
ring mainly in infants and children and 
suggests the presence of urinary tract in- 
fection in about 35 per cent of the cases 
recorded.* This phenomenon has been de- 
scribed by others as an "illusion," repre- 
senting a jet of concentrated contrast 
medium flowing and extending to the mid- 
line and across to the opposite side of the 
urinary bladder during an intravenous 
pyelographic examination, giving the false 
impression of an elongated intravesical 
ureter,’ 

Recently, in an adult with fever of un- 
determined origin, we had occasion to 
perform an intravenous pyelographic study 
which revealed the characteristic ureteral 
spurt sign. With this observation, we were 
prompted to review 200 randomly selected 
routine intravenous pvelograms made on 
adults in an attempt to ascertain the fre- 
quency with which this phenomenon oc- 
curs in patients with and without urinary 
tract infection and/or with other pathol- 
Ogy. 


REVIEW 


Of the 200 cases, 67 patients (33.5 per 
cent) had a clinical history or physical and 
laboratory findings suggesting the presence 
of urinary tract infection. Forty-nine pa- 
tients (24.5 per cent) had intravenous 


pyelographies as part of a clinical evalua- 
tion for hypertension. Eighty-four patients 
(42 per cent) had urographic studies for 
other miscellaneous reasons— trauma, fever 
of undetermined origin, tumor, congenital 
anomalies, etc. There were 113 females and 
87 males. The ages ranged from 18 to 93 
vears and the average age 1n our series was 
$1 years. The cases were categorized into 
3 major groups for study purposes, based 
on the 3 main clinical diagnoses; namely: 
(1) urinary infection; (2) hypertension; and 
(3) miscellaneous diseases. Table 1 shows 
the total number of cases and the incidence 
of the ureteral jet sign for each category. 
Of the 200 cases, 43 (21.5 per cent) had 
a positive jet-stream phenomenon. Seven- 
teen (39.5 per cent) of this group were clin- 
ically suspected of having urinary infec- 
tion, II (25.6 per cent) of the positive 
cases had a history of hypertension and 15 
(34.9 per cent) had miscellaneous diseases. 
Approximately two-thirds of the patients 
showing a positive Jet sign had no clinical 
or laboratory evidence of urinary infection. 
Fortv separate cases, not listed in this re- 
port, had drip infusion intravenous pyelog- 
raphies for various reasons and a review 
of this series of cases showed only 2 with a 
positive ureteral jet phenomenon.* 


^ 


= 


* Drip intravenous pyelography has been described by 
Schencker, B., and Zanca, P.’ 


* From the Department of Radiology, Robert B. Green Memorial Hospital, San Antonio, Texas. 


T Chief, Department of Radiology. 


TABLE I 


CATEGORIES AND INCIDENCE OF URETERAL JET SIGN 

















Urinary Infection 


Totals 


Miscellaneous 

















No. of Cases 67 (UV, 
No. of Positive Cases 17 49.8 75 
No. of Positive Cases per 

Category 17 25.370 





Hypertension | 
l- 
49 4 806 84 42.0% | 200 | 100.0% 
; "O7 » A 07 
I1 25.6% I5 34.970 43 21.570 
II 22.4% 15 17.9% 43 21.5% 











341 


C2 
J 
t 





FIGs I. 


Intravenous pyelogram showing a Grade ru 
ureteral jet sign with normal collecting urinary 
systems. This patient presented with fever, the 
origin of which was not determined. 


The cases described below are represen- 
tative of the 3 main categories presenting 
positive Jet stream phenomenon. 


ILLUSTRATIVE CASES 


Case 1 (miscellaneous). S.J., a 30 year old 
female, was admitted to the hospital complain- 
ing of fever and pain in both shoulder and knee 
joints of about 1 month’s duration. Numerous 
laboratory tests and roentgenographic ex- 
aminations were done with inconclusive re- 
sults. Spiking fever of undetermined origin per- 
sisted for over 2 months and the patient re- 
mained undiagnosed. Routine intravenous pye- 
lographv was done and on one of the roentgeno- 
grams, a Grade 111 ureteral spurt was demon- 
strated (Fig. 1). 


Case 11 (urinary infection). R.A., a 38 year 
old female, was admitted to the hospital be- 
cause of pain in the left costovertebral-angle of 
2 weeks’ duration. This was accompanied by 
dysuria, fever, abdominal pain, nausea and 
vomiting. Laboratory tests revealed a leukocy- 
tosis and many white blood cells in the urine. 
E. coli was cultured from the urine. Routine 
intravenous pyelography was performed and a 
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bilateral Grade 11 ureteral jet sign was seen on 
one of the pyelograms (Fig. 2). 


Case ut (hypertension). G.A., a 78 year old 
Negro male, was admitted to the hospital with 
a I year history of hypertension, 240/140. 
Past historv, otherwise, was unremarkable. 
Routine intravenous pyelograms were made as 
part of a hvpertensive study and small kidneys 
were demonstrated bilaterally. On the 15 min- 
ute pyelogram, a Grade 1 ureteral spurt was 
seen (Fig. 3). A renal arteriogram showed an 
obstruction of the left renal artery. 


Case 1v (miscellaneous). A. G., a 33 year old 
Negro female, was admitted to the hospital 
with a 2 vear history of stress incontinence and 
a feeling of heaviness in the vagina. Phvsical 
examination revealed a second degree cystocele, 
rectocele and uterine prolapse. As part of the 


lic. 2. Urogram showing bilateral Grade i1 ureteral 
spurt sign in a normal intravenous pyelographic 
examination. Clinical diagnosis of urinary tract 
infection. 
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routine work-up, intravenous pyelography was 
performed and on the 15 minute roentgenogram 
a positive bilateral ureteral Jet sign was seen: 
Grade Iv on the right side and Grade r1 on the 
left side (Fig. 4). 


CasE v (miscellaneous). A.G., a 93 year old 
white female, was admitted to the hospital 
with a 6 month historv of gross hematuria. 
Physical examination revealed an emaciated 
female who appeared chronically ill. Labora- 
tory studies demonstrated a hemoglobin of 7.0 
gm. per cent and grossly bloody urine. Routine 
intravenous pyelography was performed and 
the findings were indeterminate. A drip intra- 
venous pyelographic examination was then 
performed and on the 50 minute roentgeno- 
gram, a Grade 1111-1v ureteral jet sign was seen 
in addition to a filling detect in the region of 
the trigone which on biopsy proved to be a 
transitional cell carcinoma. 


DISCUSSION 


Kalmon eż al.’ in 1955 were the first to 
describe the ureteral Jet phenomenon as a 
“curiosity, and suggested that age, in- 





FrG. 4. Intravenous pyelogram of a patient with a 
clinical diagnosis of uterine prolapse showing bi- 
lateral ureteral Jet sign: Grade 1v on the right side 
and Grade 11 on the left side. 


fection and vesical neck obstruction could 
possibly be contributing factors. Cattey,! 
who reported the ureteral jet phenomenon 
in his textbook in 1961, believes that this 
observation represents concentrated con- 
trast medium projecting into a less dense 
urinary bladder causing a “false impression 
of elongation of the ureter." Camiel and 
Soieter? in 1962 described the Jet phenome- 
non as a stream of contrast medium passing 
into the urinary bladder and disappearing 
as the urinary bladder fills. Nevin e al.’ 
in 1962 described the ureteral spurt sign in 
detail and found that this sign was present 
in about 35 per cent of infants and children 
with urinary tract infection. In an adden- 
dum to this article, the authors mention 
that thev had seen the ureteral spurt in at 





Vic. 3. Fifteen minute intravenous pyelogram show- 
ing a Grade I ureteral spurt on the left side. Note 
small kidneys bilaterally and Paget’s disease in- : s l ; 
volving left hemipelvis. Clinical diagnosis of hy- least a half dozen adult females with uri- 
pertension. nary tract infection. They explain this 
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EG. 3$. 
drip pyelography showing a Grade m1v ureteral 
spurt sign. In this patient a transitional cell car- 
cinoma of the urinary bladder was found. 


Preoperative urogram following intravenous 


phenomenon as representing a concen- 
trated stream of contrast material in the 
urinary bladder as the result of an inflam- 
matory reaction responsible for hyper- 
peristalsis of the ureter at the ureteropelvic 
junction. 

Anatomically, the ureters enter the 
urinary bladder at oblique angles; the 
intramural portions of the ureters measure 
about 2 cm. in length. The intramural 
ureteral segments can be best visualized 
immediately following a peristaltic wave 
and when the contrast medium in the 
urinary bladder is less concentrated than 
that present in the ureter. The jet phe- 
nomenon is, therefore, seen less frequently 
in drip intravenous pyelographic examina- 
tions where the concentration of the opaque 
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medium in the urinary bladder is gener- 
ally greater. Cine-photographic and video- 
scopic studv of the lower ureter and of its 
intramural portion was performed in one 
cases and the ureteral Jet stream 
was seen to occur repeatec dly and immedi- 
ately after a forceful peristaltic wave. With 
à strong spurt, the Jet of contrast maternal 
can be seen to flow from the ureterovesical 
junction from one side of the urinary blad- 
der obliquely downward toward the lower 
portion of the bladder. The roentgenograms 
showing a positve jet sign 1n our cases 
showed from mild Grade 1 to advanced 
Grade Iv streams when classified in accord- 
ance with Nevin and co-workers’ criteria 
of grading the extent of flow of the ureteral 
stream. Crisscrossing of Jet streams from 
the trigone regions and across the midline 
of the urinary bladder was seen in several 
cases. 

[n our series of cases, it was also ob- 
served that the jet stream phenomenon, 
when positive, was usually seen on only one 
of a series of pvelographic films and most of 
the time on the 10 minute routine roent- 
genogram. No urinary bladder pressure 
studies wer e performed i in any of our cases. 

Analysis of the pertinent clinical. find- 
ings and studv of our intravenous pvelo- 
grams, in addition to our observations bv 
the videoscope and cineroentgenography, 
lead us to conclude that the ureteral spurt 
is a normal occurring physiologic jet which 
is produced by normal peristalsis of the 
distal portion of the ureter and can be seen 
on the roentgenogram, by chance, when 
the exposure of the urinary bladder area 
is made just after a peristaltic ureteral 
wave. The force of the peristaltic contrac- 
tion determines the extent of propulsion of 
the Je et stream. À more obvious visual jet 
sign 1s obtained when proportionally less 
concentration of contrast medium is found 
in the urinary bladder compared with the 
concentrated material in the ureter. 


of our 


CONCLUSION 


The ureteral jet stream phenomenon 
has been observed in children and in 
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adults. This phenomenon has been noted 
in adults with and without urinary tract 
infection. We believe that the ureteral 
spurt represents only the projection of 
contrast medium from the ureter into the 
urinary bladder. It can be seen in about 22 
per cent of all routine intravenous pyelo- 
graphic examinations, and is the result of 
a normal physiologic propulsion of con- 
trast medium under pressure during normal 
or forceful ureteral peristalsis. 


Peter Zanca, M.D. 

Radiology Department 

Robert B. Green Memorial Hospital 
San Antonio, Texas 78207 
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URETERAL VARICES* 


By JOSEPH J. KAUFMAN, M.D., and MORTON H. MAXWELL, M.D. 


LOS ANGELES, CALIFORNIA 


yo of the ureteral and periure- 
teral veins produce a distinctive scal- 
loping of the ureter on roentgenographic 
studies. The diagnosis of ureteral varices is 
not difficult. However, to the uninitiated, 
irregularities of the ureter seen on excretory 
and retrograde urograms may suggest more 
familiar conditions such as ureteral tumors, 
blood clots, multiple nonopaque calculi, 
ureteritis cystica, or extrinsic compression 
by retroperitoneal lymph nodes or tumor. 
The clinical entity of ureteral varices has 
not been reported frequently in the past, 
and the 3 cases described in this paper bring 
the total number in the American literature 
to 10. In addition to the roentgenographic 
appearance of the condition, it should be 
emphasized that ureteral varices can pro- 
duce gross hematuria which may mimic 
acute glomerulonephritis and other serious 
nephropathies. Six of the 7 reported cases 
in the literature came to the physician's 
attention because of gross hematuria. 
The first reported case of varices of the 
pelvis and ureter was mentioned by Folsom? 
in a discussion of hematurias of obscure 
origin. His patient had varicose veins of the 
lower abdomen, legs, penis, and scrotum. 
Because of gross hematuria, an operation 
was performed and varices of the pelvis and 
ureter were disclosed. In 1947, Sporer and 
Pollock’ reported a case of varix in the 
renal pelvis. In 1949, Maslow and Aron’ 
performed nephrectomy because of bleed- 
ing ureteral and pelvic varices. Berman 
and Copeland! reported a case of left ure- 
teral varices which had been misdiagnosed 
roentgenographically as papillary tumors 
of the ureter. Their patient had had a 
past history of papillary bladder tumors. 
Ligation of the varices winding around the 
upper ureter was successful in relieving 
hematuria during a 9 month follow-up 
period. Keshin and Joffe* in 1956 reported 


varices of the upper urinary tracts associ- 
ated with cirrhosis of the liver and portal 
hypertension. Woodard? in 1962 presented 
the case of a 20 year old man with inter- 
mittent painless hematuria of 6 years’ 
duration. A left varicocele was found and 
on pyelography constant irregularities of 
the upper ureter and pelvis were seen. At 
operation, an extensive network of varicose 
veins was found encasing the ureter. 
Gillenwater and associates‘ reported the 
seventh case in 1963, a 66 year old woman 
who sought medical attention for painless 
hematuria. Their preoperative diagnosis 
was pyeloureteritis cystica based on the 
finding of radiolucent defects in the left 
renal pelvis and upper part of the ureter on 
excretory and retrograde urography. Liga- 
tion of the veins was done and there was no 
recurrence of hematuria. 


REPORT OF CASES 


Case 1. UCLA 024-95-19. F.R., an 18 year 
old student, entered the hospital with a chief 
complaint of blood in the urine. Six months 
prior to his admission to the hospital he had 
begun having episodic gross, total, painless 
hematuria. There was no associated pharyngitis 
at that time. An intravenous urogram was in- 
terpreted as being normal. During the periods 
of gross hematuria, proteinuria of over I gm. 
per 24 hours was noted. His antistreptolysin-O 
(ASO) titer was normal. Despite this, a tenta- 
tive diagnosis of acute glomerulonephritis was 
made and bed rest for several weeks was pre- 
scribed. Because of the persistence of gross 
hematuria, he was admitted to the hospital 
and his blood pressure was found to be 130/70 
mm. Hg. A Grade u blowing early systolic 
murmur in the aortic and pulmonic areas was 
heard. The eyeground examination was nega- 
tive. No varicocele or varicosities of the lower 
extremities were noted. No abdominal bruits 
were found and the prostate was normal on 
rectal examination. The results of the remain- 
ing examination were negative. The 24 hour 


* From the University of California Los Angeles, School of Medicine, Department of Surgery (Urology) and the Department of 
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urine specimen was of gross bloody appearance, 
contained 1.4 gm. of protein, had a pH of 7.0, 
a specific gravity of 1.019, 306 million red 
blood cells, 1.7 million white blood cells, and 
700,000 casts. The urine was sterile. The blood 
creatinine was 0.9 mg. per cent and the phenol- 
sulfonphthalein test showed 40 per cent ex- 
cretion in 30 minutes. The hemoglobin was 
14.7 gm., fasting blood sugar was 88 mg. per 
cent and the SGOT was 13 units per cc. The 
intravenous urogram disclosed irregularities 
of the left renal pelvis and upper two-thirds 
of the ureter (Fig. 1). Cystoscopy was per- 
formed for the purpose of lateralizing the 
source of the hematuria and obtaining uretero- 
grams. Bloody efllux was observed from the 
left ureteral orifice. A bulb ureterogram dis- 
closed scalloping of the left ureter, tvpical of 
vascular imprints by periureteral varices (Fig. 
2). With the tentative diagnosis of left ureteral 
varices, an exploratory operation was per- 
formed through a left rectus incision. After the 
descending colon was mobilized and retracted 
mediallv, the ureter was found to be encom- 
passed by large dilated veins (Fig. 3). These 
tortuous venous structures appeared to arise in 
the lower one-third of the ureter and coursed 





Fic. 1. Case 1. Intravenous urogram showing scal- 
loping of upper one-third of left ureter, suggesting 
extrinsic compression. 
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Retrograde bulb pveloureterogram 
demonstrating characteristic. scalloping of left 
ureter by venous imprints. 


Fic. 2. Case 1. 


about the ureter for its entire length up to the 
renal pelvis where they emptied into an en. 
larged left renal vein. The spermatic vein was 
found to be normal. The left renal vein entered 
the vena cava in an eccentric and angulated 
manner, suggesting an anomalous insertion. 
Venous pressure was determined in the left 
renal vein and was found to be 18 cm. of water 
(upper limit of normal). The kidney was nor- 
mal and renal biopsy was performed. Several 
dilated lymphatics in the region of the renal 
hilus and in the preaortic region were found. 
The periureteral veins were stripped from the 
renal vein to the lower ureter and excised and 
the stumps ligated at each end. Good ureteral 
peristalsis was noted after the ureter was 
stripped of its tortuous venous investments. 
Renal biopsy showed no pathologic findings; 50 
glomeruli were normal and the vessels were not 
unusual. 

Postoperatively, the urine was blood stained 
for several days but gradually cleared. An in- 
travenous urogram I week postoperatively 
showed none of the irregularities of the left 
ureter noted previously. The patient made an 
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liG. 3. Case 1. Operative findings. Tortuous peri- 
ureteral varices were found spiraling around the 
left ureter (being retracted with Penrose drain). 


uneventful recovery and 6 weeks postopera- 
tively was found to have no red blood cells in 
the urine. During the ensuing year the urine 
was normal on repeated microscopic examina- 
tions. Intravenous urography performed 3 
months postoperatively disclosed considerable 
improvement in the appearance of the ureter. 
The patient did well for 14 months and then 
had one episode of gross hematuria. Cystoscopy 
again disclosed bloody efflux from the left 
ureter and a bulb ureterogram was again made 
but failed to demonstrate obvious scalloping of 
the ureter (Fig. 4). The ureter and pelvis were 
irrigated with a 0.5 per cent silver nitrate solu- 
tion, following which the bleeding ceased. The 
patient continued to be symptom-free, with 
negative urinalyses during the next g months. 


Case u. UCLA 028-79-46. A.M., a 14 
year old boy, was hospitalized because of fever 
of 6 weeks’ duration following repair of a pectus 
excavatum. He had no urinary symptoms and 
his medical history consisted primarily of fre- 
quent attacks of bronchitis and dyspnea on 
exertion. The physical examination disclosed a 
tall poorly nourished boy with a pounding 
precordium secondary to the recent removal of 
the sternum for the correction of his pectus 
excavatum. There was slight tenderness of the 
lower pole of each epididymis, but no varicocele 
was present. The prostate and prostatic fluid 
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were normal. The urinalysis was negative. The 
creatinine was ©.g mg. per cent and the fasting 
blood sugar was normal. Intravenous urogra- 
phy was done for the purpose of finding a 
possible source of the boy’s fever. The studies 
showed scalloping, strongly suggestive of ure- 
teral varices (Fig. 5, 7 and B). Because of the 
lack of urinary tract symptomatology, no 
further studies were done and the diagnosis of 
ureteral varices remains a roentgenographic one 
without operative confirmation. 


Case mr. UCLA 028-9o-13. A.P. was a 47 
year old multiparous woman with right flank 
pain and microhematuria. An intravenous 
urogram disclosed scalloping of the right ureter 
(Fig. 6). At surgical exploration, periureteral 
varices were found communicating rather 


freely with dilated tortuous ovarian veins (Fig. 
7). The veins were stripped and multiple 
ligations were performed. Her symptoms im- 
proved and she had no recurrence of micro- 


hematuria over a 14 year follow-up. 





Fic. 4. Case r. Retrograde urogram made 14 months 
after ligation and excision of periureteral veins 
showing smooth outline of ureter. Compare with 
l'igure 2. 
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Fic. §. Case rm. Intravenous uro- 
grams showing scalloping of (4) 
left duplex ureters and (5) right 
single ureter, presumably caused 
by periureteral varices. 


DISCUSSION 


The cases described emphasize the roent- 
genographic appearance of periureteral 
varicose veins. It should also be recognized 
that vascular imprints on the ureter and 
pelvis may also be caused bv arterial struc- 
tures, most frequentlv collateral arterial 
channels which have multiplied and en- 
larged as a result of renal artery stenosis. 
With the widespread interest in the diagno- 
sis of renovascular hvpertension, arterial 
collateral imprints on the upper urinary 
collecting system are commonly recognized. 

The cause of ureteral varices is less 
readily understood than collateral arterial 
conditions. Although some of the previ- 
ously reported cases of ureteral varices 
have had histories suggestive of abdominal 
venous hvpertension, this has not been a 
regular finding; nor have varices of the 
scrotum, spermatic cord, and legs been a 
prominent feature. In Case 1, the anom- 
alous insertion of the left renal vein into 
the vena cava probably produced slight left 
renal venous hypertension and this may 
have accounted for the left ureteral varices. 
In Case 11, it is possible that passive con- 
gestion occurred as a result of his pectus 
excavatum. Dilated periureteral veins seen 
in Case m in conjunction with ovarian 
varices may be related to ovarian pathology 
or pregnancy. Periureteral venous engorge- 
ment may be cyclical in the female and 
may be associated with ovarian venous dis- 
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tention occurring premenstrually or after 
parturition.” 

It is particularly important that the 
clinician be aware that periureteral and 


ic. 6. 


Case ul. Intravenous urogram showing 
scalloping of right ureter caused by periureteral 
varicosities. 


FIG, 7. Case ii: 
veins found at operation. 


Dilated periureteral and ovarian 


peripelvic varices may produce gross hema- 
turia. Of special significance is the gross 
hematuria in a young individual when 
acute glomerulonephritis appears to be the 
most likely diagnosis. 

Treatment of ureteral varices depends 
upon the nature of the symptoms and the 
recognition of the condition on urography. 
If hematuria is present, operation is advised 
in order to confirm the diagnosis. When 
ureteral varices are found, ligation and 
excision of the venous channels seem to 
have an ameliorative effect. 


SUMMARY 
Periureteral varices produce characteris- 
tic imprints on the ureter which can be 
diagnosed by excretory and retrograde 
pyeloureterography. Seven cases of this 
condition have been reported in the litera- 
ture and 3 cases are added in this paper. 
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The most frequent symptom produced by 
periureteral varices is gross hematuria. 
However, we have seen a number of sub- 
clinical cases in which scalloping of the 
ureter was found on urography strongly 


suggesting periureteral varices. In the 
differential diagnosis, ureteritis cystica, 


ureteral blood colts, multiple nonopaque 

calculi, pi ipillomatosis, angiomas, extrinsic 
compression o- the ureter bv retroperito- 
neal lymph node enlargement, and irregular- 
ities of the upper one-third of the ureter by 
dilated tortuous collateral arteries associ- 
ated with stenosis of the main renal arterv 
must be considered. Periureteral varices 
constitute a relativelv benign condition, but 
proper recognition and treatment are essen- 
tial in order to provide proper management. 
A mistaken diagnosis of glomerulonephritis 
mav result in prolonged bed rest, disability 
and improper treatment. The condition is 
diagnosed readily once its roentgeno- 
graphic appearance is learned. 


Joseph J. Kaufman, M.D. 
Department of Surgery 

School of Medicine 

University of California, Los Angeles 
Los Angeles, California goo24 
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ENDOMETRIOSIS OF THE URETER* 
A RARE MANIFESTATION OF A COMMON DISEASE 


By LEONARD BERLIN, CAPTAIN, USAF, MC, IRVING WALDMAN, CAPTAIN, USAF, 
MC, FLETCHER H. WHITE, LT. COL., USAF, MC, and CLARENCE R. McLAIN, Jr., 
MAJOR, USAF, MC 


WRIGHT-PATTERSON AIR FORCE BASE, OHIO 


EARLY one-fifth of all women be- 
tween puberty and menopause de- 
velop endometriosis at one time or an- 
other."' When this disease occurs in its 
usual localized form, the diagnosis is a 
clinical one and is made without the aid or 
the benefit of roentgenologic methods. In 
rare instances, however, endometriosis may 
involve either the gastrointestinal or uri- 
nary tracts, the lungs, or the bones;!? it is 
in these cases that the radiolgist is called 
upon to perform the necessary examina- 
tions and to render a correct diagnosis. 
Endometriosis of the ureter is one of the 
more rare forms of this condition; several 
such cases have been reported in the uro- 
logic and gynecologic literature. It would 
seem worthy to report such a case also in 
the radiologic literature. 


REPORT OF A CASE 


G. C., a 40 year old, white female was ad- 
mitted to the USAF Hospital Wright-Patter- 
son, Wright-Patterson Air Force Base, Ohio, 
with a 4 year history of severe dysmenorrhea, 
and right flank and lower quadrant pain. This 
pain occurred with highest intensity during the 
3 to 4 days preceding the menses, and had be- 
come more severe in the year prior to admis- 
sion. 

The gynecologic history included 2 normal 
deliveries and an appendectomy with a right 
salpingo-oophorectomy, 13 years prior to ad- 
mission, for “inflammatory disease." 

Physical and pelvic examinations 
normal. 

Laboratory evaluation showed normal rou- 
tine blood and urine studies; specifically no red 
blood cells were seen in the urine. 
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Fic. 1. Excretory urogram (delayed study) dem- 
onstrating marked hydronephrosis and hydro- 
ureter on the right. A small amount of residual 
contrast material is seen in the normal left kidney 
and ureter. 


An excretory urogram showed hydro- 
nephrosis and dilatation of the upper two- 
thirds of the ureter on the right (Fig. 1). A 
right retrograde urogram demonstrated a 
smoothly tapered, 1.5 cm. narrowing of the 
distal ureter below the pelvic brim (Fig. 2). 

On surgical exploration the distal third of 
the right ureter was found to be surrounded 
by reddish-brown tissue which was thought to 
grossly represent endometriosis. The retro- 
peritoneal approach did not allow exploration 
of the abdomen for further evidence of endo- 
metriosis. The involved segment was resected 
and a uretero-ureterostomy was done. Micro- 
scopic examination confirmed the presence of 
peri-ureteral endometriosis; there was no in- 
volvement of the mucosa of the ureteral lumen 
(Fig. 3). 
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tc. 2. Enlargement of right retrograde urogram 
showing the constricting lesion of the lower ureter 
near the pelvic inlet. There is marked ureteral 
dilatation above the lesion. 


DISCUSSION 


Endometriosis is characterized patho- 
logically by aberrant deposits of islands of 
normal endometrial tissue on or beneath 
the peritoneal surfaces of neighboring 
pelvic and lower abdominal structures.'® 
The etiology of this disease is not com- 
pletely understood, but 3 theories of 
explanation have been proposed:*'! 

I. Embryonic. This concept theorizes 
that endometriosis arises from ectopic 
embryonic nests which are derived from 
remnants of either wolfhan or müllerian 
ducts. 

2. Metaplastic. Endothelial cells of the 
peritoneum undergo metaplasia to assume 
characteristics of endometrium due to some 
unknown stimulus. 
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3. Migratory. Endometriosis results from 
spillage of normal tissue from the uterus, 
usually retrograde through the tubes, but 
perhaps also through the lymphatic or 
blood vessels. 

The aberrant tissue is usually confined 
to the reproductive organs and their sup- 
porting structures. Urinary tract involve- 
ment is present in less than 1 per cent of 
the cases," but, when this does occur, the 
bladder is bv far the most commonly 
involved organ.??! Ureteral involvement, 
although next in frequency, is quite rare; 
in a recent extensive review of the world 
literature, Abeshouse and Abeshouse! found 
a total of only 15 such cases. 

Endometrial invasion of the ureter is of 
two types, extrinsic and intrinsic. In the 
latter form, the abnormal tissue actually 
protrudes into the ureteral lumen; this 
lesion is the less common of the two and 
has been called “endometrioma.’’!? The 
extrinsic involvement is characterized by 
endometrial infiltration of the ureteral wall 
and surrounding tissues. To date, only 10 
such cases have been reported in the litera- 
ture, to which we are adding an eleventh." 
Gravburn? has stated that these cases are 
much more prevalent than the literature 
indicates. 


DIAGNOSIS 


Endometriosis is characterized clinically 
bv cvclic pelvic or flank pain occurring just 





Vic. 3. Photomicrograph of resected specimen shows 
endometrial glands and focal hemorrhage (below) 
surrounding the ureteral lumen above. 
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before or during the menstrual period, 
dysmenorrhea, and relative sterility.” 
Symptoms usually abate at menopause.? 
Very often the patient will have had pre- 
vious pelvic surgery. 

Ureteral involvement may or may not be 
associated with concurrent pelvic endo- 
metriosis. When the ureter is affected, pa- 
tients may complain of flank pain of 
several vears' duration; indeed, the chron- 
icitv of the disease and of the symptoms 
produced has been stressed by Ratlitte 
and Crenshaw!‘ as an important point in the 
diagnosis of this disease. 

Excretorv or retrograde urography will 
demonstrate hydronephrosis and hydro- 
ureter, with an obstructing lesion of the 
ureter. The lesion itself usually presents 
as a narrowing, several centimeters in 
length, always occurring in the lower third 
of the ureter.** 

In the differential diagnosis of this entity, 
one must consider the following: 

I. Tumor of the ureter, either primary or 
metastatic. 

2. Stricture, either inflammatorv or idio- 
pathic. 

3. Nonopaque silent calculi. 

4. Retroperitoneal fibrosis. 

5. Operative injury if previous pelvic 
surgery has been done. 

Retroperitoneal fibrosis usually involves 
a longer segment of the ureter and the 
lesion is found in its upper or middle 
third.^?* From a purely roentgenologic 
standpoint, it 1s difficult to differentiate 
endometriosis from tumor, stricture, or 
operative injury. Often, however, the his- 
tory and clinical findings will aid in deter- 
mining the etiology. 


SUMMARY 


Ureteral endometriosis is a rare manifes- 
tation of a common disease. 

A definitive preoperative diagnosis of 
ureteral endometriosis cannot be made, but 
this condition must always be suspected 
when hvdronephrosis and hydroureter ap- 
pear in women between the ages of 3o and 
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50, who have had a long history of cyclical 
flank pain and who often have had previous 
pelvic surgerv. 


Leonard Berlin, Captain, USAF, MC 
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United States Air Force 
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RETROPERITONEAL TUBERCULOUS 
LY MPHADENTTIS* 


By HAROLD A. MITTY, M.D., and DAVID FAEGENBURG, M.D.+ 


NEW YORK, NEW YORK 


EGIONAL lymph node involvement as 

part of an initial tuberculous infection 
is a well known phenomenon and by defini- 
tion is part of the primary complex. In- 
volvement of distant lymph nodes may also 
occur as a result of postprimary hematoge- 
nous dissemination of the tubercle bacil- 
lus.'? The lymph nodes thus infected may 
never become clinically apparent and may 
eventually calcify. On the other hand, these 
lymph nodes may enlarge, become caseous, 
and produce clinically significant tubercu- 
lous lymphadenitis. The process of enlarge- 
ment and caseation occasionally occurs 
while the primary infection is still active. 
More frequently, however, there is a period 
of dormancy lasting months to years before 
caseation occurs at these distant sites.?/? 

While isolated tuberculous involvement 
of retroperitoneal lymph nodes is rare, the 
clinical and. roentgenographic changes as- 
sociated with such involvement mav be 
more striking than concomitant lymph 
node enlargement at other sites. Of par- 
ticular importance is the relation of the 
enlarged lymph nodes to certain structures 
which reflect, by their displacement, rela- 
tively early lymph node enlargement. In 
this regard, the relation of the retroperi- 
toneal lymph nodes to the kidnevs, renal 
pelves, ureters, and the retroperitoneal por- 
tion of the duodenum is particularly im- 
portant. 

It is the purpose of the authors to de- 
scribe the clinical features, pathogenesis 
and roentgenographic findings of retro- 
peritoneal tuberculous lymphadenitis. The 
anatomy of the retroperitoneal space and 
its lymph node groups will also be re- 
viewed briefly. 


KEPORT OF CASES 


CASE 1. N.McL., #212873, a 52 year old 
American born Negro clothes “presser, was in 
good health until 2 months prior to admission 
when he first noted the onset of night sweats 
and weight loss. These symptoms were progres- 
sive and led to anorexia and easy fatiguability. 
One and one-half weeks prior to his admission, 
he developed a cough productive of small 
amounts of whitish sputum. There was no 
hemoptysis. He also experienced nocturia of 
increasing severity so that he was awakened an 
average of 6 times per night. By the time of 
admission on December 27, 1962, he had lost 
20 pounds. There was no history of previous 
surgery or serious illness. There were no known 
tuberculosis contacts. He regularly drank a pint 
of whiskey each weekend. 

On admission, physical examination re- 
vealed a tall, somewhat emaciated Negro in no 
acute distress. His temperature was 103?F. The 
pertinent physical findings were: palpable 
lymph nodes in the anterior and posterior 
cervical regions and in the axilla which were 
described as shotty in character; examination 
of the chest was normal; the liver was palpable 
two finger breadths below the right costal 
margin; and no abdominal masses were felt. No 
other abnormalities were noted on physical ex- 
amination. 

Urinalysis upon admission revealed a trace of 
albumin as well as 1+ glycosuria. The hemo- 
globin was 12.4 gm. per cent and the white 
blood cell count was 5,000 per cu. mm. The 
sedimentation. rate was 82 mm. per hour. 
Fungal skin tests were all negative. An inter- 
mediate strength PPD was positive. 

An admission chest roentgenogram revealed 
moderate bilateral paratracheal lymphadenop- 
athy. There were several mottled infiltrates in 
both apices, most marked on the right (Fig. 1). 
An intravenous urogram made 2 days after 
admission showed an increased hazy density in 
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Vic. 1. Case 1. Chest roentgenogram, December 27, 
1962. Discrete enlargement of the paratracheal 
lymph nodes is present bilaterally. There are 
mottled infiltrates in both apices, most marked on 
the right. Right scalene lymph node biopsy re- 
vealed tuberculous lymphadenitis with acid-fast 
bacilli demonstrated. 


the upper abdomen. No calcifications were pres- 
ent. Both kidneys concentrated the contrast 
material well and demonstrated normal caly- 
ceal systems. There was sharp lateral displace- 
ment of the left proximal ureter due to extrinsic 
pressure by a soft tissue mass. The left kidney 
was displaced inferiorly. Extrinsic pressure on 
the right renal pelvis by a soft tissue mass was 
also demonstrated (Fig. 2). 

In spite of the fact that lymphoma was the 
primary diagnosis, it was felt that a therapeutic 
trial with isoniazid and para-aminosalicylic 
acid should be started since tuberculosis was 
also a possibility. Accordingly, isoniazid, 300 
mg. per day, and para-aminosalicylic acid, 16 
gm. per day, were started on January 6, 1963. 
Seven days after this therapy was initiated, the 
patient became afebrile. On January 17, 1963 
a right scalene lymph node biopsy was done and 
reported as “tuberculous lymphadenitis.” Acid 
fast bacilli were also found. An intravenous 
urogram on February 20, 1963 demonstrated 
partial return of the left ureter to normal posi- 
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tion. The left kidney was no longer displaced 
inferiorly. The pressure on the right renal 
pelvis persisted (Fig. 3). A chest roentgeno- 
gram on June 17, 1963 demonstrated regression 
of the previously noted paratracheal lymph- 
adenopathy (Fig. 4). 

The patient was discharged on February 28, 
1963 with instructions to continue taking iso- 
niazid and para-aminosalicylic acid. A third 
intravenous urographic examination was done 
on August 14, 1963. The left kidney and ureter 
were :n normal position. The extrinsic pressure 
on the right renal pelvis had resolved. There 
was no longer increased density in the upper 
abdomen (Fig. 5). 


Comment. This patient presented with 
dittuse lymphadenopathy, fever and weight 


Fic. 2. Case 1. Intravenous urogram, December 29, 
1962. There is an increased soft tissue density to 
the upper abdomen. Note the sharp lateral dis- 
placement of the left ureter at the level of the 
ureteropelvic junction. The left kidney is dis- 
placed inferiorly. There is compression of the right 
renal pelvis by adjacent tuberculous lymph nodes. 
The right ureter is also displaced laterally. 
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loss. Generalized lymphoma was felt to be 
the most likely diagnosis. Scalene lymph 
node biopsy revealed tuberculosis. While on 
antituberculosis therapy, the paratracheal 
and retroperitoneal lymphadenopathy was 
followed to complete anatomic resolution 
by means of serial roentgenographic stud- 
les. 

Case rr. J.A., #224646, a 6 year old Negro 
female, was admitted to the Mount Sinai 
Hospital on June 21, 1963, with a chief com- 
plaint of anorexia and weight loss of 3 months’ 
duration. Her normal weight of 45 pounds had 
decreased to 33 pounds by the time of admis- 
sion, No fever was noted by her parents until 
1 day prior to admission. No history of known 





Fic. 3. Case 1. Intravenous urogram, February 20, 
1963. The previously noted soft tissue density of 
the upper abdomen has diminished. The sharp la- 
teral displacement of the left ureter just below 
the ureteropelvic junction has resolved. There is 
some residual lateral displacement of the left 
ureter at the level of the lower pole of the left 
kidney. The left kidney is no longer displaced in- 
feriorly. There is still evidence of extrinsic pressure 
on the right renal pelvis. At this point, the patient 
had been on antituberculous therapy for 6 weeks. 
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lig. 4. Case 1. Chest roentgenogram, June 17, 1963. 
The paratracheal lymphadenopathy has resolved. 
The apical infiltrates have regressed. 


tuberculosis contacts was obtained. The pa- 
tient had never ingested unpasteurized milk. 
She had lived in New York City since birth. A 
PPD was negative at age 4. 

The patient appeared cachectic and mal- 
nourished, but was in no acute distress. Her 
temperature was 101.6°F. on admission. The 
pertinent physical findings were limited to the 
abdomen which was tense and protuberant. 
Some observers felt that there was shifting dull- 
ness present. An ill-defined right upper quad- 
rant mass was thought to be an enlarged liver. 
The remainder of the physical examination was 
within normal limits. The impression on admis- 
sion was that this child had a malignant neo- 
plasm, most likely a Wilms’ tumor or a neuro- 
blastoma. A hepatoma was also considered. 

The admission hemoglobin was 9.3 gm. per 
cent. The white blood cell count was 22,500 per 
cu. mm. with a shift to the left. Urinalysis was 
within the range of normal. PPD #1 was posi- 
tive. À paracentesis was attempted on June 
25, 1963, but no fluid was obtained. 

Inasmuch as the previously negative PPD had 
become positive, it was decided to start 
Isoniazid and para-aminosalicylic acid on June 
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Case I. 
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Intravenous urogram, August I4, 
1963. There is no longer any increased soft tissue 
density in the abdomen. The extrinsic pressure on 
the right renal pelvis has resolved. No displacement 
of the left ureter remains. The patient had been 
on antituberculous therapy for 7 months. 


26, 1963. Her temperature gradually returned 
to normal. By July 4, 1963, she was afebrile. 

An intravenous urogram on June 24, 1963 
demonstrated a sharp arcuate deformity of the 
proximal left ureter. There was also lateral and 
inferio~ displacement of the right renal pelvis. 
There was mild dilatation of the left renal col- 
lecting system. No calcifications were present 
(Fig. 6). A small bowel series on June 26, 1963 
revealed a widening of the duodenal loop and 
extrinsic pressure on the greater curvature as- 
pect of the antrum (Fig. 7). The impression 
was that these changes were most likely due to 
enlarged lymph nodes, probably neoplastic in 
nature. The possibility that a tuberculous 
lymphadenitis was responsible for this picture 
was also considered. 

An exploratory laparotomy was performed 


on July 16, 1963. There was no evidence of 


ascites. Enlarged mesenteric and retroperi- 


toneal lymph nodes were noted. Biopsy of 


one of these lymph nodes showed tuberculous 
lymphadenitis with marked caseation. Acid 
fast bacilli were also noted. 
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Of particular interest was the fact that a 
follow-up intravenous urogram on July 8, 1963, 
atter 2 weeks of antituberculous therapy, dis- 
closed less displacement of the left renal pelvis 
and proximal lert ureter when compared with 
the previous examination (Fig. 8). The left 
hydrenephrosis had also resolved. 

The patient was discharged after recovering 
from the laparctomy. She was continued on 
isoniazid and para-aminosalicylic acid as an 
outpatient. 


Comment. The combination of weight 
loss and abdominal phvsical findings com- 
patible with malignancy were enough to 
prompt laparotomy in this patient. The 
diagnosis ot tuberculosis was made only by 
biopsy. Partial restoration of the displaced 





Fic. 6. Case 11. Intravenous urogram, June 24, 1963. 
There is a sharply circumscribed arcuate displace- 
ment of the proximal left ureter with minimal hy- 
dronephrosis secondary to kinking at the uretero- 
pelvic junction. Lateral and inferior displacement 
of the right renal pelvis is seen. Note the simi- 
larity to the changes in Case 1, Figure 2. 
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left ureter as well as resolution of the 
hydronephrosis took place on antitubercu- 
lous therapy. 


Case 111. D.P., #57146, a $$ year old Puerto 
Rican male, was admitted to The Mount Sinai 
Hospital on December 8, 1955 with a chief com- 
plaint of dysphagia of 3 months’ duration. This 
had become worse during the 2 days prior to 
admission. There was no history of hemateme- 
sis, melena, or jaundice. There was a weight 
loss of 18 pounds in the year prior to admission. 
He denied any history of tuberculosis or known 
tuberculosis contacts. His past history was 
negative with the exception of an inguinal 
herniorraphy performed in Puerto Rico in 1955. 

Physical examination revealed a poorly nour- 
ished, cachectic male. The onlv positive find- 
ings were bilateral recurrent inguinal hernias. 
The chest was clear. No abdominal organs or 
masses were palpable. 

Laboratory examination revealed a hemo- 





Fic. 7. Case 11. Small bowel study, June 26 
Note the widening of the duodenal sweep. There 
is marked extrinsic pressure on the transverse 
duodenum with distortion of the mucosal fold 
pattern. The gastric antrum is also deformed by 
extrinsic pressure on its greater curvature aspect. 
Lymph node biopsy from this region revealed 
tuberculous lymphadenitis. 


1963. 


, 
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Fic. 8. Case 11. Intravenous urogram, July 8, 1963. 
After only 2 weeks of antituberculous therapy, the 
lateral displacement of the proximal left ureter 
has decreased. There is also less dilatation of the 
left collecting system. The deformity of the right 
renal pelvis remains essentially unchanged. 


globin of 10.5 gm. per cent and a white blood 
cell count of 9,0co per cu. mm. with a normal 
differential. 

An admission chest roentgenogram showed 
fibrotic streaks in the right apex. Barium meal 
examination on December 12, 1955 demon- 
strated a constant irregular filling defect about 
2 inches in Jength just beyond the mid-portion 
of the esophagus. This met the roentgenologic 
criteria for a carcinoma. No abnormality was 
demonstrated in the stomach. There was a con- 
stant narrowing demonstrated in the third por- 
tion of the duodenum which had an arcuate 
configuration suggestive of extrinsic pressure. 
The mucosa appeared intact in this area. There 
was little obstruction to the passage of barium 
through this segment. These changes were felt 
to be consistent with metastatic carcinoma in- 
volving the retroperitoneal lymph nodes and 
causing extrinsic pressure on the duodenum. 
The possibility of an independent extrinsic 
process of neoplastic nature was also considered 
(Fig. 9). 
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Fic. 9. Case 11. Barium meal examination. There is 


marked eccentric narrowing of the transverse 
duodenum secondary to extrinsic pressure from 
enlarged lymph nodes. The mucosa is intact. 
Biopsy from this area revealed tuberculous 
Iymphadenitis. 


Esophagoscopy was performed on December 
13, 1955 and a neoplastic mass was visualized 
in the mid-portion of the esophagus. Biopsy 
was taken and reported as fragments of squa- 
mous cell carcinoma. 

An exploratory laparotomy was performed. 
Extensive lymphadenopathy was noted 
throughout the entire abdomen. The retro- 
peritoneal lymph nodes were heavily involved. 
They were rubbery, pinkish in color and on cut 
section revealed yellowish material in the 
center. A specimen was sent for frozen section 
and reported as showing the characteristic 
histologic picture of tuberculosis with casea- 
tion. A left thoracotomy was then performed 
and an esophagectomy and supra-aortic esoph- 
agogastrostomy was completed. His postopera- 
tive course was complicated by a lung abscess. 
This was eventually drained. He was discharged 
on January 31, 1956 on antituberculous therapy. 

Re-admission became necessary on March 6, 
1956 because of increasing signs of duodenal 
obstruction. He was treated with rimifon and 
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streptomycin for 6 weeks as an inpatient. In 
spite of this therapy, a duodenojejunostomy be- 
came necessary and was carried out on May 7, 
1956. A lymph node biopsy at the time of this 
operation was reported as showing interstitial 
fibrosis. 

The patient's next admission was on January 
30, 1958 for treatment of a left pleural effusion. 
This proved to be malignant in nature. Evi- 
dence of carcinoma was present in the lung 
parenchyma as well. He was discharged to 
have radiation therapy on an outpatient basis. 
Unfortunately, the patient was lost to follow- 
up. 


Comment. Vhis patient had a proven pri- 
mary carcinoma of the esophagus. For this 
reason, most observers felt that the most 
likely cause of the duodenal compression 
demonstrated on barium meal examination 
was metastatic carcinoma. The finding of 
tuberculous lymphadenitis at surgery was 
totally unexpected. 


It is generally acknowledged that clinic- 
ally significant involvement of abdominal 
and retroperitoneal lymph nodes secondary 
to intestinal tuberculosis has become a rare 
event in the United States today. In- 
volvement of the mesenteric and retro- 
peritoneal lymph nodes is now usually the 
result of hematogenous spread of the 
tubercle bacillus. This postprimary event 
may not be clinically apparent. Rich? and 
others ?!** have stated that a tuberculous 
bacteremia occurs during primary pulmon- 
ary involvement. This has been demon- 
strated both in the experimental animal 
and during the development of the primary 
complex in humans. Lymph nodes which 
become involved in this manner may never 
become clinically significant. On the other 
hand, following a period of latency, such 
lymph nodes may enlarge and undergo 
caseation, forming a mass of clinical and 
roentgenologic significance. Frequently, the 
primary site is healed or is not roentgeno- 
graphically apparent; therefore, this mass 
may be mistaken for a neoplastic process.’ 
Ravdin!! reported 2 such cases. In both in- 
stances, the diagnosis was made only by 
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surgical exploration and biopsy. Marshak 
and Dreiling’ have reported a case of duo- 
denal obstruction by a mass which at 
laparotomy proved to be due to tuberculous 
lymphadenitis. Quattlebaum!? recently re- 
ported 5 cases of tuberculosis involving 
retroperitoneal and mesenteric lymph 
nodes. Three of these cases were suspected 
of being due to a neoplastic process, even at 
laparotomy. The diagnosis of tuberculous 
lymphadenitis was made only after histo- 
logic study. In the remaining 2 cases, the 
diagnosis of tuberculosis was confirmed 
only at autopsy. 

While the simulation of neoplastic lymph 
node enlargement may be quite striking, 
the clinical, laboratory and roentgeno- 
graphic findings of tuberculous lympha- 
denitis may be helpful in directing attention 
to the correct diagnosis. 


ANATOMY 


The retroperitoneal space 1s defined as 
that area between the posterior parietal 
peritoneum and the transversalis fascia 
lining the posterior aspect of the abdominal 
wall. It extends from the diaphragm and 
twelfth rib superiorly to the pelvic dia- 
phragm inferiorly. Laterally, it is limited by 
the outer borders of the quadratus lumbo- 
rum muscles.!* 

The lymph nodes of the retroperitoneal 
space consist of 4 main chains which 
roughly follow the aorta and its branches. 
These are the pre-aortic chain, the post- 
aortic chain, and the right and left para- 
aortic chains. The pre-aortic chain consists 
of groups of lymph nodes adjacent to the 
origins of the celiac, superior mesenteric, 
and the inferior mesenteric arteries. The 
post-aortic lymph nodes are not regional 
lymph nodes in the true sense since they 
receive drainage from both the pre-aortic 
and para-aortic chains. 

The right and left para-aortic lymph 
nodes are along the sides of the aorta. On 
the left side, the lymph nodes are located 
just lateral to the aorta itself. On the right, 
these lymph nodes are both ventral and 
dorsal to the inferior vena cava.*^? 
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In addition to these major lymphatic 
chains, smaller groups of lymph nodes may 
also be of importance in retroperitoneal 
lymphadenopathy because of their close 
relation to structures which are easily 
visualized roentgenographicallv. Of par- 
ticular significance are the pancreatico- 
duodenal lymph nodes which lie within the 
duodenal sweep.® 

The right and left para-aortic chains lie 
in close proximity to the medial aspect of 
the kidneys, the renal pelves, and the prox- 
imal portions of the ureters. Enlargement 
of these lymph nodes may cause dis- 
placement of any or all of these structures. 
In the same manner, enlargement of the 
pancreatico-duodenal lymph nodes may 
cause widening and indentation of all or a 
portion of the duodenal loop. Changes such 
as these are well demonstrated in the 3 
cases described in this report and will be 
discussed further in the section dealing 
with roentgen findings. 


CLINICAL FEATURES 


The clinical features of retroperitoneal 
tuberculous lymphadenitis are relatively 
nonspecific. The majority of cases complain 
of weight loss, fever, and anorexia. Respir- 
atory symptoms are remarkably rare. En- 
larged retroperitoneal lymph nodes may 
initiate complaints referable to the urinary 
system. In Case 1, increasing nocturia was 
the symptom which prompted intravenous 
urography. Enlarging lymph nodes may 
also cause partial or complete obstruction of 
the duodenum. As a result, symptoms of 
postprandial bloating or vomiting occur. 

On physical examination, the enlarged 
caseous lymph nodes may present as ill- 
defined abdominal masses. In some in- 
stances, despite definite roentgenographic 
evidence of lymph node enlargement, 
phvsical examination of the abdomen is 
essentially negative. Such was the situation 
in Cases 1 and 111. 

The laboratory finding of major impor- 
tance is the PPD. While a positive PPD is 
not diagnostic of active tuberculosis, the 
presence of a negative PPD makes such a 


diagnosis untenable except under extremely 
rare circumstances.^? 
ROENTGEN FINDINGS 

The single most valuable study in the 
diagnosis of retroperitoneal tuberculosis is 
intravenous urography. Preliminary roent- 
genograms of the abdomen often reveal a 
diffuse haziness in the upper abdomen. The 
psoas margins are frequently intact, al- 
though with massive lymph node enlarge- 
ment the upper portions of the psoas lines 
may be less distinct than normal. Injection 
of contrast material usually discloses good 
kidney function. The enlarged lymph nodes 
may cause the entire kidney to be displaced 
laterally and inferiorly. The major influ- 
ence of retroperitoneal lymph node en- 
largement is exerted upon the renal pelvis 
and proximal ureter. The pelvis may be 
compressed and displaced laterally. The 
configuration of the proximal 2 or 3 inches 
of displaced ureter frequently is that of a 
localized arcuate deformity. In Cases 1 and 
1, the lateral displacement of the proximal 
ureter was associated with kinking at the 
ureteropelvic junction. In Case n, a low 
grade hydronephrosis resulted. Although 
this deformity of the proximal ureter is 
probably not specific for tuberculous lym- 
phadenitis, the similarity of these changes 
in 2 of our cases is quite striking (lig. 2 
and 6). 

Because of the proximity of the duo- 
denum to the peri-pancreatic and pancre- 
atico-duodenal lymph nodes, striking effects 
on the duodenal sweep may be noted. When 
all of these lymph nodes are enlarged, as is 
frequently the case, the entire duodenal 
sweep appears widened. The mucosa of the 
duodenum remains intact, but because of 
the pressure and adherence of the enlarged 
lymph nodes, the mucosa may exhibit a 
swirl-like pattern and appear quite fixed. 
Ulceration of the mucosa and fistula forma- 
tion have not been observed. Of consider- 
able importance is the fact that the lymph 
nodes may completely surround the duo- 
denum in such a fashion as to leave a rela- 
tively narrow channel. The duodenum 
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proximal to the narrowed area may become 
dilated. Even in these cases, careful scrut- 
iny of the narrowed channel will reveal 
intact mucosa. 

Of equal importance in the assessment of 
this disease process by urography and bar- 
ium meal examination is the response to 
antituberculosis therapy. In Cases 1 and 11, 
which were re-examined bv intravenous 
urography after the institution of therapy, a 
marked restoration towards normalcy was 
noted. The ureters no longer revealed the 
sharp indentation and displacement that 
was initially demonstrated. In Case 1, the 
lett side responded more quickly than the 
right. Both sides were observed to return to 
relatively normal position 8 months after 
institution of antituberculosis therapy. In 
some cases, the degree of fibrosis which 
occurs during healing will continue to cause 
obstruction. In Case ri, residual peri- 
duodenal fibrosis was sufficient to cause 
partial duodenal obstruction requiring sur- 
gical by-pass. 

The examination of the chest is also of 
importance. The finding of an active tuber- 
culous lesion has been stressed as a rare 
event in the literature. More common is 
the finding of an old tuberculous focus or a 
healed calcified Ghon complex. In Case 1, 
there was evidence of apical infiltration 
which regressed during the course of ther- 
apy. Mediastinal tuberculous lymphadeni- 
tis may occur in association with involve- 
ment of the retroperitoneal lymph nodes. 
These lymph nodes are usually discrete and 
do not form large diffuse mediastinal 
masses such as those which may be seen in 
Iv mphomata. During treatment, the lymph 
nodes in the mediastinum undergo resolu- 
tion in a fashion similar to that of the 
retroperitoneal region.” In Case 1, we were 
able to follow the mediastinal lymph node 
enlargement to virtually complete resolu- 
tion (Fig. 1 and 4). 


DIFFERENTIAL DIAGNOSIS 


It is apparent from the description given 
above that the roentgenologic findings of 
retroperitoneal tuberculosis are not pathoo- 
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nomonic for this disease. The main prob- 
lem in differential diagnosis is distinguish- 
ing this entity from lymphomata involving 
the retroperitoneal region. Lymphomatous 
enlargement of the para-aortic lymph nodes 
will frequently displace the kidnevs, renal 
pelves, and ureters in a fashion similar to 
that seen with tuberculous lymphadenitis.’ 
The sharp arcuate deformity localized at 
the ureteropelvic Junction was remarkably 
similar in Cases 1 and rr. Although we do 
not believe that this is characteristic of 
tuberculosis, further observations of other 
patients with this disease will be helpful in 
fully assessing the significance of this 
roentgen change. 

In the evaluation of ureteral displace- 
ment, one must also consider the possibility 
of metastatic disease in the para-aortic 
chain. This type of involvement is best ex- 
emplified by metastatic testicular tumors. 
When the testicular tumor is clinically 
palpable, there is little difficulty in diagno- 
sis. However, in the occasional case when 
the testicular mass is extremely small and 
nonpalpable, the differential diagnosis may 
be impossible to make on clinical and 
roentgen grounds. The laboratory findings 
with respect to both lymphomata and 
metastatic lesions in the para-aortic lymph 
nodes are less helpful than might be antici- 
pated. Anemia, elevated sedimentation 
rate, and leukocytosis are not differentiat- 
ing features as they may occur with all of 
these processes. The tuberculin test is of 
value only if negative. 

When retroperitoneal tuberculosis in- 
volves the pre-aortic and pancreatic com- 
plex of lymph nodes, the major differential 
diagnostic problem may be that of ruling 
out carcinoma of the pancreas. The widen- 
ing of the duodenal sweep, the distortion of 
the mucosal folds, and the occasional ob- 
struction of the duodenum mav all be 
highly suggestive of carcinoma of the 
pancreas. The presence of jaundice is in 
favor of carcinoma. In addition to pancrea- 
tic neoplasm, compression of the duodenal 
sweep may also be caused by metastatic 
disease from adjacent sites such as the 
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stomach. Metastases from distant organs 
such as the lung and breast may also cause 
similar changes. 

In addition to the neoplastic processes 
described, retroperitoneal tuberculosis may 
require differentiation. from other infec- 
tious processes which may cause lympha- 
denopathy. Infectious mononucleosis, bac- 
terial infections such as brucellosis, and 
various mycotic infections may cause 
retroperitoneal lymphadenitis. Skin tests 
and appropriate serologic studies are often 
helpful in establishing the correct diagnosis. 


MANAGEMENT 


Ultimately, the diagnosis of retroperi- 
toneal tuberculous lymphadenitis depends 
upon the biopsy of the involved area or 
biopsy of a peripheral lymph node. We do 
not feel that it is advisable to attempt a 
therapeutic trial without biopsy evidence 
of tuberculosis. To undertake a therapeutic 
trial in an effort to treat a drug curable 
disease without definitely establishing a 
diagnosis will in some cases unnecessarily 
delay the proper surgical or radiation ther- 
apy of a malignant process. If, however, 
retroperitoneal tuberculosis is suspected, 
antituberculous therapy may be instituted 
while preparing the patient for surgery. In 
some instances, rapid relief of fever may 
occur and the necessary surgery can be 
carried out on a more stable patient. Fol- 
lowing appropriate biopsy, the response to 
therapy as judged by serial roentgeno- 
graphic studies provides a reliable index of 
the efficacy of the treatment. 

The recommended treatment of tubercu- 
lous lymphadenitis generally consists of 
administration of isoniazid in doses of 300 
mg. per day accompanied by para-amino- 
salicylic acid in doses of 12 to 16 gm. per 
day for adults. This therapy is usually given 
over a period of 18 to 24 months. In a series 
of 120 cases of tuberculous lymphadenitis 
reported by Schless and Wier," the response 
to therapy was generally good. In Cases 1 
and n presented here, there was a prompt 
clinical response within 8 to 10 days. De- 
crease in size of the lymph nodes, observed 
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either clinically or roentgenographically, 
generally is somewhat delayed. If, however, 
the patient is followed over a period of 6 
weeks to 3 months, marked regression of 
the lymphadenopathy is generally ob- 
served. Complete regression may involve a 
course of treatment of 12 to 18 months. The 
treated lymph nodes may in some instances 
remain somewhat enlarged. Such lymph 
nodes consist mainly of firm fibrous tissue. 
In a few instances, these residual lymph 
nodes may continue to exert pressure or 
constrictive effects on adjacent viscera. 


SUMMARY 


I. Three cases of tuberculous lympha- 
denitis involving the retroperitoneal lymph 
nodes are presented. 

2. The anatomy of the retroperitoneal 
space and its lymph nodes is briefly re- 
viewed. 

3. The roentgenographic changes sec- 
ondary to enlargement of these lymph 
nodes are discussed. In particular, the dis- 
placement of adjacent renal collecting sys- 
tems and pressure effects on the duodenal 
sweep are demonstrated. 

4. The major differential diagnosis is 
usually that of generalized lymphoma or 
metastatic carcinoma. 

c. While there are a number of roent- 
genologic and clinical clues to aid in mak- 
ing the diagnosis of retroperitoneal tuber- 
culous lymphadenitis, diagnosis ultimately 
depends on the biopsy of either a peripheral 
lymph node or the retroperitoneal lymph 
nodes themselves. 

6. The displaced structures are noted to 
return towards normal positions when fol- 
lowed bv serial roentgenographic examina- 
tions during antituberculous therapy. 
Harold A. Mitty, M.D. 

Department of Radiology 
The Mount Sinai Hospital 


II East 1ooth Street 
New York 29, New York 
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DOUBLE CONTRAST BARIUM CYSTOGRAPHY 
UTILIZING CARBON DIOXIDE* 


By RUBEM POCHACZEVSKY, M.D., and HARRY GRABSTALD, M.D. 


NEW YORK, NEW YORK 


Ita on eo techniques cur- 
rently utilized for the examination of 
the urinary bladder have certain limita- 
tions. Many tumors which are easilv seen at 
cystoscopy are not detected by excretion 
urography or by conventional retrograde 
cvstographv."* Most urologists therefore 
rely heavily upon cystoscopic findings, ade- 
quate biopsy and bimanual examination in 
bladder tumor evaluation. The importance 
of tumor staging and grading in the assess- 
ment of bladder tumors for proper therapy 
has been emphasized.” 1-1 

Cvstoscopv, however, also has its short- 
comings.^? [n one series of 429 patients 
with bladder tumors in which cystoscopy 
was performed, 17 tumors were not de- 
tected.’ Many tumors may be located in 
sites unfavorable for cvstoscopic visualiza- 
tion, such as the anterior wall near the 
bladder neck or within diverticula. Some 
may be obscured because of excessive 
bleeding. Cvstoscopy may also be difficult 
to perform in the presence of a reduced 
bladder capacity or when there is marked 
bladder neck obstruction or severe infec- 
tion.” 

The radiopaque contrast medium most 
commonly utilized for cystography is either 
one of the organic iodine compounds or a 
simple solution of sodium iodide. These 
water soluble organic iodine or iodide com- 
pounds, however, are not always the most 
efficient agents for effective delineation and 
coating of bladder mucosa. This is, perhaps, 
one explanation for their failure to consist- 
ently demonstrate small lesions. In addi- 
tion, their use may be contraindicated when 
there is a history of iodine sensitivity or 
when diagnostic thvroid studies are being 
undertaken.!90907,15 





Fic. 1. (4) Cystogram obtained during intravenous 
pyelography of patient with hematuria. No ab- 
normalities were seen. There was a severe allergic 
reaction to the radiopaque medium (containing 
iodine) during the examination. 


The value of double contrast examina- 
tion of other hollow viscera such as the 
colon? has been well appreciated. Double 
contrast techniques have not, however, 
been widelv applied in the study of the 
urinary bladder. This may, at least in part, 
be due to the unsatisfactory mucosal coat- 
ing by sodium iodide or by water-soluble 
iodine compounds. Some measure of success 
was achieved with thorium dioxide, but its 
known carcinogenic action precluded its 
routine use.? Poor delineation of bladder 
mucosal pattern. and known pulmonary 
embolism have prevented routine use of 
lipiodol and other oily radiopaque sub- 
stances.” Propyliodone aqueous (dionosil 
aqueous) has also been advocated"? but it 
shares many of the above mentioned disad- 
vantages of other organic iodine com- 
pounds, 1015.17.18 

Our recent experience suggests that most 
of the disadvantages and hazards may be 
avoided by using barium sulfate as the con- 


* From the Department of Diagnostic Radiology and Urology Service, Department of Surgery, Memorial Hospital, Memorial 
Sloan-Kettering Center for Cancer and Allied Diseases, New York, New York. 
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trast medium. Barium sulfate is a pharma- 
cologically inert substance which does not 
produce allergic reactions and is not con- 
traindicated when diagnostic thyroid stud- 
ies are contemplated." The marked supe- 
riority of barium sulfate becomes especially 
evident with double contrast techniques 
when its ability to cling to mucosa becomes 
strikingly apparent. 

The satisfactory use of barium for 
cystography was first described by Wall- 
den? in 1944, and by Doyle? in 1961. 
Kjellberg eż a/.? in 1957 emphasized the 
nonirritating properties and the advantages 
of the use of a barium suspension for void- 
ing urethrocystography in children. Its use 
has not been described in the American 
literature, possibly due to an unfounded 
fear of possible untoward effects. 
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Because of the occurrence of pulmonary 
embolism with the use of air in double con- 
trast bladder studies,‘ pure carbon dioxide 
was selected as the most suitable gas; it has 
also been successfully used in studies by 
Doyle®® and Bartley and Helander.! There 
appears to be no danger of pulmonary em- 
bolism"!?* and, in addition, the rapid 
absorption?'? slightly diminishes discom- 
fort secondary to prolonged bladder dis- 
tention. Finally, it is inexpensive and 
readily available. 

TECHNIQUE 

A No. 16 or 18 Foley catheter is passed 
into the bladder utilizing aseptic technique. 
The bladder is then irrigated with sterile 
isotonic saline solution and emptied as com- 
pletely as possible. One hundred cubic 
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liG. 1. (5) Same patient as in Figure 1,7. Cystogram of barium filled bladder. Since barium was used, there 


Y^ 


was no danger of repetition of previous sensitivity reaction. (C) Double contrast anteroposterior supine 
study with barium and carbon dioxide. (D) Double contrast left lateral decubitus studv. (E) Double con- 


trast right lateral decubitus study. This view clearly demonstrates a 2X 


> NV 


1.5 X1.5 cm. polypoid lesion 


coated by barium in the left base of the bladder. This was confirmed at cystoscopy. Biopsy of the lesion 
revealed a papilloma with an area of 77 situ carcinoma. 
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Fic. 2. (4) Cystogram of filled bladder showing no abnormalities. This patient was diagnosed elsewhere as 
having cystitis. (B) Double contrast anteroposterior supine study with barium and carbon dioxide dis- 
tinctly demonstrates a 2 cm. polypoid tumor in the bladder dome. Biopsy of this lesion revealed epidermoid 
carcinoma. (C) Double contrast right lateral decubitus study. Gas sharply outlines tumor. Note enlarged 
prostate. (D) Double contrast left lateral decubitus study. Tumor partially obscured by the opaque 


medium. 


centimeters of sterile isotonic saline solu- 
tion are added to 6 ounces of previously 
sterilized (by dry heat in hot air oven) 
barium sulfate and then mixed with a 
sterile tongue depressor. We have been 
using a specially micronized colloidal pure 
barium sulfate.* No appreciable difference 
in roentgenographic quality was detected 


* Special barium preparation obtained from E-Z-EM Co., 
130 Maple Street, Great Neck, Long Island, New York. 


when a suspending agent was added to the 
barium. The proportions of barium and 
water, however, were important. 

After filling the bladder with the above 
mixture, roentgenograms in the conven- 
tional views are obtained including antero- 
posterior (Fig. 15) and both posterior 
oblique views. Fluoroscopy is not routinely 
performed but might be of value in cases of 
suspected vesicoureteral reflux. After roent- 
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(4) Routine cystogram showing no obvious abnormalities. Superimposed gas in the rectum. (B) 


Double contrast barium cystogram with carbon dioxide showing the presence of 2 polypoid lesions on the 
right side of the bladder. The most medial tumor is papillary and is strikingly outlined by precipitation of 


barium within tumor crevices. 


genographv, the Foley catheter is un- 
clamped and the barium suspension is 
allowed to drain out of the bladder. How- 
ever, a small residue of this somewhat vis- 
cous suspension routinely remains within 
the bladder. This is usually an amount 
sufficient to permit mucosal coating and 
subsequent double contrast study. 

The flow of pure carbon dioxide 1s con- 
trolled by means of a three-way stopcock 
and the exact amount introduced 1s meas- 
ured by means of a syringe. As a safety 
device, if desired, one can use a rubber bag 
such as is employed in anesthesia as a gas 
reservoir placed between the tank and the 
inflow tubing but we have not used this 
routinely. Approximately 100 to 200 cc. of 
carbon dioxide is used, the amount being 
limited by individual bladder capacity 


and/or patient discomfort. Three roent- 
genograms are then taken: supine in the 
anteroposterior position (Fig. 1C) and 
both lateral decubitus positions 1n postero- 
anterior projections (Fig. 1, D and £). 
Occasionallv, transabdominal (Fig. 5C), 
upright and Trendelenburg position roent- 
genograms may also be taken. Following 
immediate film viewing, the bladder is 
irrigated with isotonic saline solution to 
remove residual barium sulfate. 


COMPLICATIONS 


There were no immediate or late ill 
effects. Rarely, a small amount of barium 
remained in the bladder for several hours 
following the procedure (1 in 58 examina- 
tions). Cystoscopy disclosed the presence 
of barium in only 1 patient with bladder 


ANAS 
PILLS ) 


Fic. 4. (4) Routine cystogram showing multiple suspicious polypoid defects, especially on the right side, with 
irregular contour on the left side resembling marked trabeculation. Patient treated for "papillomatosis" by 
transurethral fulgurations for 9 years. (B) Double contrast anteroposterior supine study with barium and 
carbon dioxide shows large mass lesions along the anterior, posterior and right lateral walls as well as 
numerous small polypoid lesions along the left lateral wall. (C) Double contrast right lateral decubitus 
study showing multiple tumors in relief. (D) Double contrast left lateral decubitus study. Multiple pol ypoid 
lesions are also seen. (E) Twenty-four hour study showing no retention of barium. At surgery an extensive 
polypoid and infiltrating epidermoid carcinoma was found filling most cf the bladder. 
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neck obstruction. In 11 patients undergoing 
cystectomy there was no evidence of re- 
tained barium, cystitis or pericystitis. 





lic. 6. Double 
cystogram with barium and carbon dioxide. This 
study demonstrates clearly the lack of distensi- 
bility of the left side of the bladder secondary 
to an infiltrating tumor. At surgery, cancer was 
found to extend to serosal surface of the bladder 
(Stage C). 


contrast anteroposterior supine 


lic. §. (4) Routine cystogram. No obvious 


abnormalities are noted except for an en- 
larged prostate. (B) Double contrast barium 
cystogram. Left lateral decubitus. Note sev- 
eral 0.5 cm. polyps on the right side of the 
dome of the bladder. (C) Transabdominal 
study. Note 2 cm. polypoid lesion in the 
base of the bladder. 


RESULTS 

The results have been considered good or 
excellent in the §8 studies which have been 
carried out utilizing this technique. In 
practically all patients, tumors which were 
seen at cystoscopy were clearly demon- 
strated roentgenologically. In some, con- 
ventional cystograms had failed to demon- 
strate any abnormality, even with lesions 
as large as 2 cm. in diameter (Fig. 1, 4—-E; 
2, A-D; and 5, 4 and B). In other cases, 
especially those in which there was diffuse 
polypoid involvement of the bladder, the 
routine conventional cystograms were only 
suspicious or suggestive of pathology which 
could not be easily differentiated from a 
markedly trabeculated bladder. The double 
contrast barium  cystograms, however, 
clearly and strikingly showed the full ex- 
tent of the disease process (Fig. 4, 4—-E). 
There were no false positives. 
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There was a definite and often marked 
tendency of the barium sulfate to coat the 
tumor surface and to be deposited within 
the crevices of papillomatous growths, or, if 
ulcerations were present, to be pooled 
within their excavations (Fig. 1 through 5, 
inclusive). Some of the visualized smaller 
lesions were not detected cystoscopically 
although their presence was later con- 
firmed surgically or pathologically. 

The most informative views were those 
obtained in the right and left lateral decubi- 
tus positions. In these 2 positions, the 
entire bladder was visualized with both 
single and double contrast technique. These 
2 studies are normally mirror images of 
each other (Fig. 1, D and £), and, there- 
fore, small abnormalities become readily 
apparent (Fig. 4, C and D; and 8, Zand B). 
The dependent portion, filled with barium, 
is normally narrower and has a blunt shape 
while the uppermost half, distended by 
carbon dioxide, 1s large and spheroid in 
shape (Fig. 1, D and E; and 2, C and D). 
According to Doyle,^5 this asymmetry is 
easily explained by the rotation of the 
bladder through an axis passing through the 
bladder neck secondary to the weight of 
barium in the retro-ureteric fossa. 

Tumor infiltration of the muscular coat, 
so important in the staging of bladder 
tumors, was readily recognized by such 
alterations in the contour of the viscus as 
lack of distensibility of one wall of the 
bladder (Fig. 6) or unilateral displacement 
of the bladder lumen (Fig. 7). 

An odd-shaped localized ballooning out 
of the bladder was another frequently en- 
countered sign. This was felt to be indirect 
evidence of muscular infiltration by tumor, 
and presumably secondary to nonuniform 
distention of the uninvolved portion of the 
bladder adjacent to the tumor. This bal- 
looning phenomenon was felt to be best 
described as a “bladder horn" (Fig. 8, 4 
and B; and 9). A somewhat similar appear- 
ance of the bladder contour has been 
alluded to as pseudodiverticulum forma- 
tion.5:6 

Differentiation of tumor from intralumi- 


Barium Cystography Utilizing Carbon Dioxide 





Frc. 7. Double contrast barium cystogram with 
carbon dioxide. There is a large tumor in the left 
side of the bladder extending to the extravesical 
space and producing lateral displacement of the 
lumen of the bladder. Stage D2 tumor proved at 


exploration. Tumor extended to left pelvic 
lymph nodes above the pelvic brim and aortic 
bifurcation. 


nal abnormalities such as foreign. bodies, 
radiolucent calculi or blood clots was usu- 
ally easy, as the latter tend to shift strik- 
ingly in position in the 2 lateral decubitus 
views (Fig. 8, Æ and 5). 

In addition to its value in the detection 
and evaluation of bladder neoplasms, the 
double contrast carbon dioxide barium 
cystogram has proved useful in the study of 
other bladder disease processes, such as the 
demonstration of vesicovaginal (Fig. 105) 
and vesicorectal fistulas, diverticula, and 
bladder deformities secondary to pelvic 
tumor masses. Most of the patients in- 
cluded in this study belonged to a highly 
selected group with known bladder neo- 
plasms. While benign conditions affecting 
the bladder were not fully evaluated with 
this new technique, it is felt that it will 
prove to be of value in the studv of a wide 
variety of bladder diseases. 


DISCUSSION 


After reviewing the roentgenograms of a 
large number of cases of known bladder 
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lic. 8. (4) Right lateral decubitus cystogram with barium and carbon dioxide. Multiple filling defects are 
seen in the right side of the bladder in this patient with benign papillomas and superficially infiltrating 
(Stage A or B) tumors. (5) Left lateral decubitus study. Some of the larger filling defects have shifted to 
the opposite side. They were due to blood clots. Other smaller polypoid defects, still seen in the right side 
of the bladder, are due to polypoid tumors which were confirmed at cystoscopy. The “bladder horn” on the 
right is demonstrated (just below the seeds) and is due to nonuniform expansion of the bladder. This was 
considered to be suspicious of indirect evidence of muscle infiltration by tumor. 


cancers for the past several vears, the senior 
author became dissatished with the com- 
paratively small number of instances in 
which tumor was conclusively demon- 
strated by conventional cystographic ex- 
amination. This prompted him to investi- 
gate techniques by means of which the de- 
gree of accuracy of the presently used 
roentgenologic diagnostic methods could be 
improved. It was found that the technique 





Fic. 9. Double contrast barium and carbon dioxide 
left lateral decubitus cystogram. Note localized 
ballooning out on the right side of the urinary 
bladder ("bladder horn”). This was felt to indicate 
the presence of infiltrating tumor on the right side 


of the bladder causing nonuniform expansion of 


the bladder. At surgery, an extensive infiltrating 
epidermoid carcinoma was found involving the 
entire right side of the bladder and extending to 
the serosa (Stage C). 


described correlated better than conven- 
tional cystography with the clinical find- 
ings in patients with proved bladder tu- 
mors. The authors intend in a subsequent 
paper to objectively tabulate and compare 
the results of routine cvstography with this 
new method when the number of cases 
becomes sufficiently large. 

This method of bladder examination is 
simple, inexpensive and safe, and may be 
performed without elaborate or special 
equipment. Barium sulfate is relatively in- 
expensive, easy to sterilize and simple to 
prepare. Carbon dioxide is also inexpensive 
and readily available. Both barium sulfate 
and carbon dioxide are safe and nontoxic 
substances. 


SUMMARY 


A double contrast cvstographic tech- 
nique is described utilizing sterile barium 


sulfate and carbon dioxide. It proved 
especially useful in the detection and 
evaluation of bladder tumors. A roent- 


genographic diagnostic sign, the "bladder 
horn" sign is described, as presumptive in- 
direct evidence of muscular infiltration bv 
tumor. The technique is highly reliable for 
the study of the bladder and of pelvic 
perivesical masses, and offers distinct ad- 
vantages over conventional cystographic 
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ES 
lic. 10. (4) Cystogram of the filled bladder. No obvious abnormalities demonstrated. (B) Double contrast 
barium cystogram with carbon dioxide showing the presence of a vesicovaginal fistula. 
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HEMANGIOMA OF THE BLADDER* 


By TOM W. STAPLE, M.D., and WILLIAM H. McALISTER, M.D. 


ST. LOUIS, MISSOURI 


"up us following is a case report of a pa- 
tient with hemangioma of the bladder 
which was first observed during intravenous 
urographv. 


REPORT OF A CASE 


D.W., a 23 vear old white male, was ad- 
mitted to St. Louis Children's Hospital because 
of hematuria of 2 months' duration. During 
this time he had passed 3X3 mm. clots in- 
termittently every 3 or 4 days. The patient had 
no dysuria, fever, or weight loss. There was no 
history of previous urinary tract disease. There 
was no personal or family history of a bleeding 
disorder. 

Physical examination showed a well nour- 
ished child in apparent good health. Vital 
signs were normal. Examination of the genitalia 
revealed an erythematous macular rash about 
the inguinal areas. 

Urinalvsis showed numerous red blood cells 
per high power field but was otherwise normal. 
Additional laboratory findings were normal, 
including hemoglobin, complete blood cell 
count, platelet count, and clotting, bleeding, 


and prothrombin times. Urine culture showed 
no growth. 

An intravenous urogram demonstrated a 
smooth, flat, filling defect on the right lateral 
wall of the bladder measuring 1r.57X0.4 cm. 
(Fig. 14). The upper urinary tracts were 
normal. A cystogram demonstrated minimal 
irregularity g cm. in length in the right lateral 
bladder wall (Fig. 1B). A roentgenographic 
diagnosis of an intramural infiltrating lesion 
was made. A tumor, such as a rhabdomyo- 
sarcoma, hemangioma, or spindle cell tumor, 
was considered most likely, although a localized 
inflammatory process could not be excluded. 

At cystoscopy on August 3, 1962, a large, 
raised, irregular, bluish area covered with 
blood clot was seen on the right lateral wall of 
the bladder. Perforation of the bladder at the 
time of biopsy necessitated immediate cystos- 
tomy. A 3X5 cm. mass in the right lateral wall 
and the dome of the bladder was excised. The 
lesion appeared superficial without extension 
into the perivesical areas. 

Histologic examination of the resected mass 
demonstrated multiple, large, thin walled, 





Fic. 1. (4) Roentgenogram of the bladder during intravenous urography demonstrates a smooth, lobulated 
mass along the right lateral wall. (B) Cystogram shows the lesion to be less apparent, but minimal irregu- 
larity is present over a longer segment of the bladder. 


* From The Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
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vascular spaces within the submucosa of the 
bladder (Fig. 2). The pathologic diagnosis was 
hemangioma. 


DISCUSSION 


Hemangiomas of the bladder are rare. 
Langhans reported the first case in 1876.‘ 
Several reviews of the literature were made 
by Macalpine,? Segal and Fink," and 
Hyams and Silberblatt.? Melicow® recorded 
6 examples in a series of 2,502 bladder 
tumors surgically resected, and Scholl"? 
found 3 cases among 262 bladder tumors. 
In children, the sex ratio of bladder tumors 
of all tvpes is 2 to 1 in favor of males, 
whereas in adults the ratio is § to r.'? 
Hemangiomas have been reported in pa- 
tients ranging in age from 27 months to 72 
years." Half of the cases are found in the 
first two decades of lite? 

Hemangiomas may be located in any 
part of the bladder with the majority being 
reported in the dome and the trigone.’ The 
size of the tumor mav vary from pinpoint 
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to massive involvement of the entire blad- 
der. Grosslv, the tumors are bluish in out- 
line, sessile in structure, and soft in con- 
sistency. Microscopically, they are of the 
cavernous variety with large and small 
intercommunicating spaces lined by a 
single laver of flat endothelial cells and 
filled with blood. Increase in size 1s due to 
enlargement of the vascular channels and 
also budding and formation of new ves- 
sels.» They may spread extensively into the 
perivesical tissues. Fatal hemorrhage has 
been reported in one case where the tumor 
extended into the rectum.’ In one-quarter 
of the cases, angiomata have been reported 
in other portions of the body, particularly 
in the colon, rectum, anus, thigh, scrotum, 
and penis." 

The lesions are usually benign. Recur- 
rence 1s due to incomplete excision. In 41 
cases reviewed by Segal and Fink,” there 
was 1 case which they referred to as a 
malignant hemangioma. A coincident papil- 
lary carcinoma has been reported.’ 





lig. 2. A section through the lateral wall of the bladder shows an intact epithelial surface beneath which are 
numerous vascular spaces of varying size. The hemangioma is limited to the subepithelial region and is 
entirely superficial to the muscle layer (H & EX 15). 
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Clinical manifestations in the majority 
of cases consist of recurrent painless 
hematuria. Dvsuria can occur with or 
without hematuria. The patient may pre- 
sent with urinary tract infection and/or 
ureteral obstruction secondary to tumor 
within the trigone. Enuresis has been re- 
ported.!? In the majority of cases, the diag- 
nosis has been made by cystoscopy. 

Roentgenograms of the pelvis may show 
calcification within the tumor.!° In a few 
cases an irregular filling defect may be seen 
in the bladder during intravenous urog- 
raphy. Because hemangiomas are soft 
tumors, they may be compressed and be 
less apparent on cystograms, as in this 
patient. The extent of the tumor may be 
easier to appreciate, however, when the 
bladder is overdistended with contrast 
material. Air contrast roentgenograms of 
the bladder? and pelvic angiography! may 
ald in making the diagnosis, particularly in 
determining the extent of perivesical in- 
volvement. 

The compressibility of the tumor during 
cystography may help differentiate heman- 
gioma from other bladder tumors, such as 
neurofibroma, fibroma, fibromvoma, leio- 
myoma, eosinophilic granuloma, papil- 
loma, adenomatoid tumors, leiomvosar- 
coma, and rhabdomyosarcoma. Transi- 
tional cell and epidermoid carcinomas are 
quite rare in the first two decades of life. 
Inflammatory disease, especially if local- 
ized, may be difficult to distinguish from 
tumor. A varix of the bladder tends to 
bleed only one or two times, while the 
bleeding from a hemangioma is recurrent.’ 

The treatment of choice is partial resec- 
tion of the bladder by the suprapubic route. 
If the lesion is small, resection by the trans- 
urethral route is preferred. Other thera- 
peutic techniques include cystoscopic fulgu- 
ration, suprapubic fulguration, or cystec- 
tomy. Liang® used radiation therapy in 2 
patients. He administered an air dose of 
2,500 r divided into ro parts. Further 
information regarding technique was not 
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given. In both patients there was complete 
regression of the tumor. 


SUMMARY 


A case of hemangioma of the bladder is 
presented, and the clinical and roentgeno- 
graphic features are reviewed. 


Tom W. Staple, M.D. 

The Edward Mallinckrodt Institute of Radiology 
Washington University School of Medicine 

510 South Kingshighway 

St. Louis 10, Missouri 
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MICROANGIOGRAPHY AS A TECHNIQUE* 
RADIATION EFFECT VERSUS ARTIFACT 


By PHILIP RUBIN,t GEORGE W., CASARETT,t SAMUEL S. KUROHARA,§ and 
MASAMICHI FUJII| 


ROCHESTER, NEW YORK 


ICROANGIOGRAPHY is a tech- 
nique which holds promise as a means 
of demonstrating vascular changes at the 
level of small arterioles and capillaries. 
Investigators have enthusiastically noted 
the possibilities of studying the function 
and the morphology of minute vessels, and 
the quantitative and qualitative aspects of 
the vascular pathophysiology of organs 
with the aid of radiopaque contrast media. 
However, a review of the literature shows 
a variety of technical features with greatest 
emphasis placed on the contrast media, 
roentgenographic equipment and the emul- 
sions employed without a detailed analy- 
sis of the method of injection and its 
limitations. Ás soon as an attempt is made 
to employ microangiography, the modifica- 
tions of injection become obvious, and 
many variable factors are introduced. 
Microangiography is a highly artifactual 
technique, thus a need to develop exacting 
standards of injection if reproducibility is 
to be achieved exists. Its main advantage is 
that it permits the study of the vasculature 
in greater depth than can be accomplished 
by routine histologic methods. In the study 
of radiation effects on fine vessels, it is pos- 
sible to identify changes more accurately 
and earlier than with other methods. How- 
ever, in order for such a procedure to be 
meaningful, it is necessary to avoid the 
errors of mistaking artifacts for lesions. 


EVOLUTION OF METHOD 
Although microradiography, the roent- 


genographic study of fine histologic sec- 
tions, was introduced by Goby? in 1913, its 
application to the study of minute blood 
vessels did not take place until 1935 by 
Grechishkin and Prives.* The method was 
refined as an investigative procedure by 
Bohatyrtschuk?in 1944 and simultaneously 
and independen-ly by Barclay.! The poten- 
tial of the method is vividly demonstrated 
in the excellent illustrations, particularly 
those of the renal vascular bed, in Barclay's 
report. Many of the technical problems 
have been resolved by the availability of 
better roentgenographic equipment and 
emulsions. Barclay's ability to enlarge 
specimens up to 250X rendered the glo- 
meruli readily visible to the human eye. In 
I951, Tirman ef al. published clear illus- 
trations of the microcirculation of the kid- 
neys, intestines, gallbladder, liver, spleen, 
heart and lung and they expressed enthusi- 
asm with regard to the applicability of 
microradiography in medicine. 

Although most studies have been per- 
formed on histologic sections following the 
sacrifice of animals injected prior to death, 
Bellman? extended the physiologic appli- 
cabilitv of this method. In 1953, he success- 
fully recorded the capillary circulation in 
living animals. This was limited to thin 
sections of the anatomy. His demonstra- 
tion of the circulation of the rabbit ear 
with diodrast allowed for study of vascular 
response to cold, heat, burns and other 
agents. He introduced the term “micro- 
angiography" since it corresponds to “‘an- 


* Presented at the Annual Meeting of the Association of University Radiologists, New Haven, Connecticut, May 19, 1963. 
Supported in part by grants from the U. S. Public Health Service and the Picker Foundation. 
+ Chief and Professor, Division of Radiotherapy, Department of Radiology, University of Rochester Medical Center, Rochester, 


New York. 


t Professor of Radiation Biology, Department of Radiation Biology, University of Rochester Graduate School, Rochester, New York. 
Instructor, Division of Radiotherapy, Department of Radiology, University of Rochester Medical Center, Rochester, New York. 
Post-Doctoral Research Fellow, Division of Radiotherapy, Department of Radiology, University of Rochester Medical Center, 
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giographv" in clinical diagnostic roent- 
genography. Saunders ef a7." further ex- 
plored the studv of the fine living vascula- 
ture by surgical techniques through which 
muscular tunnels, flaps and windows per- 
mitted a photographic plate to be intro- 
duced beneath the muscle of a living ani- 
mal. Following drug administration, they 
were able to demonstrate vasodilatation 
and vasoconstriction. 

Although the majoritv of investigators 
have been impressed by microangiography 
and its potential for uncovering pathologic 
capillary processes, most of the reports tend 
to deal with the normal. Microangiographic 
studies of radiation induced vascular 
changes in bone following exposure of the 
hind limb to large doses were begun by 
Carlson eż al.* in 1960. In 1961, Chang and 
Trembly? investigated the renal and brain 
circulation after irradiation and noted that 
necrotic lesions were defined bv zones of 
extravasation of contrast medium. At 
present, our eftorts are largely directed to 
this problem; namely, the study of the 
vasculopathophysiologic effects of irradia- 
tion. 


VARIABLES OF TECHNIQUE 

The variables of the microangiographic 
technique are many. It is readily apparent 
that any animal which is anesthetized, then 
has its blood replaced by a gelatinous con- 
trast medium will not be in a physiologic 
state very long, since death is rapidly ap- 
proaching. The main object, therefore, is to 
use a technique of injection which will inter- 
fere as little as possible with the normal 
processes. 

SITE OF INJECTION 

It is possible to inject into the major 
arteries or veins, and only in larger animals 
can isolated organs as a rule be readily 
catheterized. In rats, injection is made 
either in a retrograde or prograde fashion 
into the aorta or its major branches or into 
the vena cava. It is apparent that an injec- 
tion with the stream is more in keeping 
with normal physiology. 
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PRESSURE OF INJECTION 


The pressure will vary depending on 
whether the injection is made against or 
with the blood flow and whether the arterial 
or venous approach is used. Since, it is im- 
possible to maintain the same pressure of 
injection consistently by hand injection, 
some system by which to control the level 
of pressure, such as a regulated gas jet 
through a mercury manometer, is sug- 
gested. The filling of the arterioles of the 
kidneys can best be accomplished by in- 
jecting into the aorta in a retrograde fash- 
ion. The required pressure, therefore, is 
slightly above the systolic pressure. For 
studying the capillaries of the lungs, the 
inferior vena cava can be perfused at a 
much lower pressure so as to keep as 
physiologic a state as possible. 

LENGTH OF INJECTION 

To inject all the capillaries of an organ, it 
Is necessary to perfuse for a greater length 
of time than would be expected from re- 
ports in the literature. It is rarely possible 
to be successful with onlv a few minutes of 
injection since an attempt is made to fill 
even those capillaries not usually open in 
microcirculation. In our hands the duration 
of injection has varied from 5 minutes to 1 
hour, depending upon the organ being 
studied. Usually, a minimum of ro minutes 
appears to be necessary with longer times 
required in certain organs for best results. 

TYPE OF OPAQUE MEDIUM 

Thorotrast and micropaque in varying 
proportions and in various solutions have 
been suggested. Lead oxide has proven to 
be an effective medium in concentrations 
varving from 25 per cent to 60 per cent with 
a particle size from 0.5 to 3.5 u. Added 
agents should include 10 per cent gelatin to 
reduce leakage and a commercial deter- 
gent* to facilitate greater uniformitv of 
distribution since it acts as a wetting agent. 
The medium must be a gel at room temper- 
ature and should be capable of being 
readily liquified at 37° C. by warming. The 

“Joy (1%). 





medium is stirred constantly and warmed 
in a water bath and jacket so that upon 
introduction into vessels it is at normal 
body temperature. 


HEPARINIZATION 

To avoid clotting in small vessels, anti- 
coagulation 1s necessarv. This has been 
accomplished in different ways. At present, 
complete flushing of the entire circulatory 
system with a clear heparin saline solution 
is preferred to simply adding the heparin to 
the injection medium. 

STATE OF THE ANIMAL 

Whether the animal is alive or dead at 
the time of injection is of much concern. 
Usuallv, the animal is anesthetized, but 
once the blood is supplanted with contrast 
material, physiologic conditions are not 
maintained. It is surprising that the heart 
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Fic. 1. Microangiograms of kidney: (4) 
ideal filling (150); (B) underfilling 
(X75); (C) overfilling (X 150). 


continues to beat after all the blood 1s re- 
placed and virtually all tissues are perfused 
with a radiopaq ie medium. 
DISPLACEMENT OF BLOOD 

A catheter can be inserted into the aorta 
or vena cava with minimal blood loss and 
contrast medium can be forced into a closed 
system, which can lead to capillary rupture. 
It is considered best to displace the blood 
by catheterizing both the arterial and 
venous side. As the medium is injected into 
one catheter, tke blood flows out into the 
other. Sometimes, bv simplv cutting the 
vena cava immediately prior to injection, 
adequate displacement of blood 1s achieved 
with uniformlv satisfactory results. 


FIXATIVES 


A 10 per cent neutral buffered formalin 
solution 1s used with fixation of tissues from 





48 hours to 1 week. The main problem 1s 
that in thicker organs compromises must 
be made between more rapid and better 
fixation. This mav require splitting. the 
organ, and risking leakage of contrast 
material, which is avoided if the organ is 
left intact as long as possible. Bone is a 
special problem since decalcification is re- 
quired and the medium often seeps out into 
the fixing solution. Refrigerating speci- 
mens are sometimes necessary prior to 
handling to prevent leakage of medium. 


THICKNESS OF THE SECTION 


Depending upon the part of the vascula- 
ture being studied, the thickness of the sec- 
tion will vary from 100 u to 1,000 u. Usu- 
ally, a number of cuts should be made to 
determine the ideal thickness for a specific 
organ. 
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Fic. 2. Microangiograms of lung: (4) 
ideal filling (X100); (B) underfilling 
(X200); (C) overfilling (X250). 


PHOTOGRAPHIC EMULSION 

Kodak 649-6H stereoscopic 1X3 inch 
glass plates or 649-6H stereoscopic 35 
mm. were used in the present study. These 
give high contrast. A resolution of 1,000 
lines per mm. Kodak plate 649-0 can be 
used, but less contrast 1s achieved. 

ROENTGEN-RAY SOURCE 

According to Engstrom,’ the appropriate 
roentgen-ray wave length for microangiog- 
raphy of sections injected with heavy 
metals is between 1 and 10 Å at 10 to 20 kv., 
depending on the thickness of the section, 
quantity of the medium and the particular 
heavy metal utilized. In the present work, 
a Picker portable industrial roentgeno- 
graphic unit was used. The tube head 1s 
equipped with a o.5 mm. thick beryllium 
window and has a o.§ mm. focal spot. A 
scale of 5 to 50 kv. at o to 10 ma. is avall- 
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lic. 3. Graphic analysis of various factors utilized 
in obtaining microangiograms of lung: (4) large 
vessels; (B) capillaries. 


able with an automatic timer which can 
be set from 0.1 to §.0 minutes. 


TISSUE ROENTGENOGRAPHY 


Direct contact microroentgenography in 
which the tissue section is in apposition to 
the plate or film to prevent blurring or dis- 
tortion of the image was employed. To 
protect the emulsion, a thin piece of Saran 
wrap was placed between the emulsion and 
the tissue section. Saran wrap is a copoly- 
mer of polyvinyl chloride approximately 
0.0005 inches in thickness. Tissue sections, 
fixed in a 10 per cent neutral formalin solu- 
tion, were frozen with carbon dioxide and 
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sliced with a hand microtome. Freezing 
with CO, facilitates a flat specimen and 
good apposition to the Saran wrap when 
the section melts. The sections were roent- 
genographed at 1§ cm. target film distance 
in a dark room behind a protective lead 
screen. Exposure factors are as follows: 
IOO u; 200 p, 300 pw, 400 pw, 500 u, and 
700 yu-20 kv., 10 ma., 2 minutes; 1,000 
u-20 kv., 10 ma., 4 minutes; 1,500 p-27 
kv., IO ma., 2 minutes; and 2,000 u-30 kv., 
Io ma., 2 minutes. 

For study, the spectroscopic plate or 
film can be observed directly through the 
microscope and enlargements can be made 
bv a photomicroscope. Enlargement and 
printing can be done by placing the plate or 
film in a conventional enlarger. 


ARTIFACTS VERSUS RADIATION EFFECTS 


Microangiography seems ideally suited 
for studving radiation induced vascular 
lesions. The basic roentgenopathologic 
change occurs in the small arteries, arteri- 
oles and capillaries, and has been described 
as a progressive endothelial thickening, 
varying degrees of hyalinization and sclero- 
sis of vessel walls and narrowing or occlu- 
sion of lumina. Rupture and hemorrhage of 
fine vessels may occur with focal tissue 
necrosis. 

The two major artifacts of microangio- 
graphic techniques are: (1) Poor filling, 
which is due to underinjection due to low 
pressure, leakage of opaque medium, blood 
clotting, vascular spasm, etc.; and (2) 

verfilling, which is due to overinjection 
secondary to high pressure, fine particulate 
size, traumatic handling of tissue, closed 
injection systems, etc. Poor filling can 
simulate blockage of fine vessels due to 
sclerosis and endothelial thickening; over- 
filling and extravasation of opaque medium 
can simulate hemorrhage and rupture of 
vessels due to focal necrosis. 

It is important to appreciate the fact that 
artifacts are even more likelv to be found 
in irradiated tissues. Chang and Trembly? 
have shown extravasation of opaque me- 
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dium in irradiated rat brains, which has 
been interpreted as focal necrosis and hem- 
orrhage. However, since hand injection 
without pressure regulation was employed, 
it may have represented rupture of vessels 
due to increased friability. 

Some of the limitations, variations and 
pitfalls in different organ systems are dem- 
onstrated (Fig. 1, 4, B and C; Fig. 2, 4, 
B and C; and Fig. 4, 4, B and C). These 
are special problems and the basic tech- 
nique should be modified so as to obtain 
the best results. 

Figure 1, 4, B and C are microangio- 
grams of a kidney. The following factors 
were used: 

Pressure of injection 
Length of time of injection 
Medium and amount 


I 50 mm. Hg 
IO minutes 
Lead oxide, 25%; gela- 


. ~O7 
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liG. 4. Microangiograms of brain: (4) 
ideal filling (X200); (B) underfilling 
[2 200): (C) overfilling ( X 200). 


Site and manner of injection Abdominal aorta, 
retrograde 

Displacement of blood Open, cut vena cava 

Thickness of section 500 

l'ixative 10% buffered formalin 


Satisfactory filling, poor filling and 
overfilling are shown in control animals to 
demonstrate the artifactual nature of 
microangiography. With an ideal injection 
(Fig. 1,7), the interlobar and interlobular 
demonstrated. The afferent 
arterioles are easily seen leading to indi- 
vidual glomeruli. Although not all of the 
capillary loops are filled, most are visual- 
ized. Efferent arterioles are shown at higher 
power as finer vessels than the atterent 
arterioles. The vasa recti are filled to some 
degree. If the pressure of injection is low, or 
if clotting occurs, the pattern of underfill- 
ing (Fig. 18) appears as a totally disrupted 


arteries are 
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Fic. 5. Graphic analysis of various factors utilized in 
obtaining microangiograms of capillaries of brain. 


vasculature and the picture resembles 
sclerosis and arteriole obliteration. There is 
lack of filling of interlobar and interlobu- 
lar arteries, sporadic filling of afferent ar- 
terioles and the spotty, irregular glomeruli. 
In contrast to this is the overfilled kidney 
vasculature (Fig. 1C) in which the larger 
arteries are distended. Juxtamedullary 
shunting probably occurs with poor glo- 
merular filling. The vasa recti are quite 
prominent. The commonest cause for this 
is the use of the closed system of injection 
in a retrograde fashion into the aorta with 
clamping above the renal arteries. This, 
however, applies to the rat and not to the 
dog. 

Figure 2, 4, B and C are microangio- 
grams of the lung. The following factors 
were used. 


go-100 mm. Hg 

30 minutes 

Lead oxide, 30%; gela- 
tin, 10% 

Inferior vena cava, 
prograde 

Controlled 

500 u or less 

10% buttered formalin 


Pressure of injection 
Length of time of injection 
Medium and amount 


Site and manner of injection 
Displacement of blood 
Thickness of section 


Fixative 


The smaller arteries, arterioles and alveo- 
lar capillaries are well outlined in an ideal 


Rubin, Casarett, Kurohara and Fujii 


AUGUST, 1964 


injection (Fig. 24). The disrupted pattern 
of underfilling (Fig. 27) and the rupturing 
and extravasation due to overfilling (Fig. 
2C) are demonstrated. In both of these 
latter instances, the capillary filling is poor. 
At higher projections the finer details can 
be noted. 

The problems of obtaining good filling of 
pulmonary vasculature are quite different 
from those of the kidnev. The pressure of 
injection is much lower since it 1s on the 
venous side to ensure pulmonary arteriole 
filling. The ranges of injection pressures 
are shown graphically in Figure 3, Æ and B 
as well as the results with various durations 
of injection. Of interest is the better filling 
of larger vessels which is obtained with 
micropaque (concentrations of 25 to 50 
gm./100 ml.) as opposed to lead oxide (30 
gm./100 ml.) which gives better capillary 
fill. It is important to keep the lungs in- 
flated as an opening of the chest inadver- 
tently will collapse lungs. To keep alveoli 
distended without forcing opaque medium 
out of capillaries, 10 per cent buffered 
formalin is injected into the trachea at 6 
mm. Hg. 

Figure 4, 4, B and C are microangio- 
grams of the brain. The following factors 
were used: 


150 mm. Hg 

15-20 minutes 

Lead oxide, 60%; gela- 
tin, 5% 

Site and manner of injection Abdominal aorta, 
retrograde 

Controlled 

500 u and 1,000 u 

10% buffered formalin 


Pressure of injection 
Length of time of injection 
Medium and amount 


Displacement of blood 
Thickness of section 
Fixative 


The cortical arteries (Fig. 44) run over 
the brain surface and perforate into the 
cortex and branch into end arterioles and 
capillaries in the ideally injected specimen. 
Fragmentation of vessels and absence of 
capillaries are most often due to leakage of 
the medium and clotting (Fig. 45). Over- 
filing is most likelv to occur with high 
pressures and fine particulate contrast 
medium. An example of extravasation 1s 
shown in Figure 4C, which could be inter- 
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preted as focal necrosis and hemorrhage in 
an irradiated brain. The need for control 
histologic sections is apparent. 

Of importance when working with micro- 
angiographic techniques for brain studies 
is the problem of leakage. If the skull 1s 
split and the brain removed immediately 


after injection, the trauma results in 
vascular breakage and leaking. The easiest 
way to avoid this problem is to leave the 
animal in a refrigerator in a head-down 
position for 2 to 3 hours to be certain that 
the medium is solid. The contents of the 
cranium should be carefully and gently 
removed for best results. The injection 
pressure, time of injection and the tvpes of 
opaque media used in brain studies are 
shown in Figure s. 

Figure 6, 4, B and C are microangio- 
grams of bone. The following factors were 
used: 


Microangiography 





Fic. 6. Microangiograms of bone: (4) 
ideal filling (X25); (B) underfilling 
(X25); (C) overfilling (X25). 


150 mm. Hg 

30 minutes 

Micropaque, 25%; 
gelatin, 5% 

[liac artery, prograde 

Opened, cut vena cava 


Pressure of injection 
Length of time of injection 
Medium and amount 


Site and manner of injection 
Displacement of blood 


Thickness of section 375 p 


15% formic acid, 3 
days minimum 


l'ixative 


The microangiograms show beautifully 
the combed appearance of metaphvseal 
arterioles reaching the growth plate (Fig. 
64). The poor filling (Fig. 68) and over- 
filling (Fig. 6C) are mainly due to the 
preparation of the animal for fixation and 
the fixative. Small rat bones can be fixed 
without splitting, but large bones so 
handled do not fix well. This requires sec- 
tioning the bone and inevitably leakage 
will occur unless refrigeration is done. 
Extravasation of opaque medium occurs 
with most decalcifving solutions. For this 
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lic. 7. Correlative histologic-microangiographic sec- 
tions: (4) H and E stain of kidney is a section 6 u 
thick; focal sclerosis and disruption of glomerular 
tree and afferent arterioles 1n an irradiated kidney 
(6,000 r fractionated, at 4 months after exposure) 
(X90; X200); (B) Microangiogram is next layer 
but is soo u thick; correlative histologic section 
shows corresponding area of kidney with pocr 
filling of glomeruli and sclerosis and endothelial 
thickening in glomerular tufts. In the inset of Æ, 
the contrast medium is shown as a black material 
filling the afferent arteriole, but the glomerulus it 
supplies has only a scattering of medium due to 
the radiation changes noted (go). 


reason micropaque is preferred to lead 
oxide when bone is studied. 


CONCLUSIONS 


To be certain that lesions noted on micro- 
angiograms are indeed true vascular lesions, 
the following aids are suggested: 

I. Correlative histologic sections are or 
great value, as in radioautographv, for 
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orientation, for evaluation of penetration 
and distribution of opaque medium and 
for identification of the histologic lesion 
(Fig. 7, 44 and B). 

2. Control specimens which include both 
normal and diseased organs preferably in 
the same animal are valuable. Thus, if one 
lung is irradiated, the other lung acts as a 
control. 

3. Control histologic sections without in- 
jection are important in the recognition of 
any tissue distortions due to the injection 
of contrast medium. 

4. Associated functional studies help 
define sensitivity of microangiographv in 
the detection of early changes in the vascu- 
lar bed. Thus, in kidney studies, renograms 
with hippuran I?!, clearance and excretion 
studies aid 1n evaluation. In lungs, oxvgen 
saturation levels, ventilatory and com- 
pliance studies are of value. 


Philip Rubin 

Department of Radiology 

University of Rccaester Medical Center 
Rochester 20, New York 
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CALCIFIED STEATOMATA OF THE SCROTUM 
REPORT OF A CASE 


By ELBERT W. PHILLIPS, MAJOR, M.C., USA* 


WEST POINT, NEW YORK 


ALCIFICATION within the wall of 

the scrotum is such an uncommon ob- 
servation that 1t merits reporting. This will 
introduce to the radiological literature an 
entity which previously has been described 
mainly in the urological and dermatological 
literature: that of calcification within 
steatomata of the wall of the scrotum. 
Steatomata are commonly called wens, 





FiG. 1. 
multiple nodules in wall of scrotum; about one- 
third of the nodules present were calcified. 


Roentgenogram of the pubic region showing 


atheromata, pseudo-atheromata, sebaceous 
cysts, and sebaceous tumors. Multiple 
sebaceous cysts located on one portion of 
the body and often hereditary are also 
reterred to as steatocystoma multiplex. 
Five reports of similar cases have been 
found in the literature. Weil, Delarue, and 
Porin reported multiple calcified seba- 
ceous cysts of the scrotum in a zo vear old 
male in 1931. In 1938 Dracoulides’ re- 
ported 132 calcified sebaceous cysts in a 
33 year old male developing over a period 
of 20 years. Ronchese,”’ in recording a case 
in 1944, stated: "Instances of lesions of 
large size grouped in large quantities in 


one region of the bodv are rare. Similar 
lesions with extensive calcification seem to 
be extremely rare." Morley and Best’ in 
1947 and Temime? in 1955 added other 
case reports of this entity. 

Blaschko and Gumpert? reported an in- 
stance of calcified scrotal xanthomas in 
1924, and Fritz? described a patient with 
calcifed scrotal fibromas in 1941. The 
histologv of these lesions is given in some 
detail; however, it would seem that these 
cases may also represent the same disease 
process. Other authors?! mention in pass- 
ing that sebaceous cvsts of the scrotum may 
calcifv, but do not substantiate their state- 
ments. 


REPORT OF A CASE 


This 44 year old white male was admitted 
to William Beaumont General Hospital on July 
28, 1962 for evaluation of right upper quadrant 
abdominal pain, recurrent over a period of 
several vears. Àn oral cholecvstogram revealed 
gallbladder calculi. On August 2, 1962, during 
the course of the patient's preoperative eval- 
uation, he developed typical symptoms and 





ic. 2. Soft tissue roentgenogram demonstrating 
relationship of some of the calcified nodules to the 
scrotal wall. 


* Formerly Chief, Diagnostic Section Radiology Service, William Beaumont General Hospital, El Paso, Texas. Presently Chief, 
Radiology Service, U. S. Army Hospital, U. S. Military Academy, West Point, New York. 
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signs of a partial small bowel obstruction; this 
was confirmed by supine and erect roentgeno- 
grams of the abdomen. At surgery an annular 
neoplastic lesion of the mid-ileum was resected 
and a cholecystectomy was performed. His- 
tologic examination of the tissue revealed 
Hodgkin’s disease. 

After recovery, the patient was referred to 
the radiology service for barium enema studies 
and small bowel series to exclude the possibil- 
ity of other neoplastic lesions. At the time of 
fluoroscopy, the patient was noted to have 
several calcific densities in the region of the 
scrotum. Physical examination revealed ap- 
proximately £o nodules within the skin of the 
scrotum varying in size from 0.§ to 1.5 cm., 
and in firmness from soft to hard; these ap- 
peared to be sebaceous cysts and were limited 
to the scrotum. The patient stated that these 
had developed at the age of 16 years and that 
during the ensuing 28 years several surgical 
excisions had taken place with up to 20 cysts 
being removed at one time, but that each time 
they recurred. The pathologic diagnosis was 
sebaceous cysts. He declined further surgical 
intervention, Roentgenograms of the scrotum 
are presented in Figures 1 and 2. 


SUMMARY 


A case of calcified steatomata of the 
scrotum has been presented along with a 
brief review of the literature. Although 
these lesions are uncommon, they will un- 
doubtedly be occasionally encountered on 
roentgenograms of the pelvis and hips and 
should be recognized as another source of 
soft tissue calcification. 

Radiology Service 
U. S. Army Hospital 


U. S. Military Academy 
West Point, New York 
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PELVIC PNEUMOGRAPHY* 


By MARVIN L. DAVES, M.D.,f DENVER, coLorapo, WILMA C. DINER, M.D., LITTLE rock, 
ARKANSAS, and GEORGE H. BRENNER, M.D.,§ BILOXI, Mississippi 


ESPITE the 40 years which have 

elapsed since pneumoperitoneography 
was first described by Weber,‘ pelvic pneu- 
mographv has not vet been recognized as a 
valuable roentgenographic procedure. The 
late Dr. David M. Gould estat lished pelvic 
pneumographv as a routine roentgeno- 
graphic procedure at the University of 
Arkansas in 1956 and at the University of 
Colorado in 1960. In a preliminary report 
Buice and Gould! emphasized the simplic- 
ity of the technique and illustrated some of 
the more dramatic results which can be ob- 
tained. The combined experience at the 
two institutions now numbers over 600 
examinations. Our thoughts are crvstallized 
and our attitude 1s better defined. 


TECHNIQUE 


The details of the procedure are de- 
scribed elsewhere.! Briefly, a patient with a 
cleansed colon and an empty bladder has 
1,000-1,500 cc. of CO, or N:O introduced 
into the peritoneal space via needle punc- 
ture of the abdominal wall. Roentgeno- 
grams are made with the patient in the 
prone position with the head down at an 
angle of 45°: posteroanterior with a vertical 
beam, posteroanterior with the beam tilted 
15^ toward the feet, and lateral. Additional 
views which have been recommended? did 
not add to the diagnostic value of the study 
in our hands; however, it has proved con- 
venient to combine this procedure and 
intravenous pyelography in most cases. A 
scout roentgenogram is taken with the 
patient supine, then the intravenous con- 
trast material is injected, followed immedi- 
ately by injection of the gas. At 10 minutes 
an intravenous pyelographic film is ex- 
posed. Next, the patient is turned to the 


prone position and the head is lowered 45°. 
The pelvic pneumograms are taken and the 
patient is returned to a horizontal supine 
position in time for a second intravenous 
pyelogram. The films are reviewed at 30 
minutes, and this usually completes the 
study. 

Fighteen additional studies were done 
according to the routine except that thick 
barium paste was packed in the upper 
vagina. The barium did not aid significantly 
in enhancing the diagnostic value of the 
method, but it did demonstrate that the 
diamond-shaped shadow superimposed 
over the uterus in the posteroanterior views 
has no relation to the intravaginal portion 
of the cervix and must represent the intra- 
peritoneal lower uterine segment. A few 
studies done with barium in the rectosig- 
moid colon likewise convinced us that this 
maneuver serves only to obscure the areas 
of interest. 


COMPLICATIONS 


Patients whose clinical condition was 
poor and those with peritonitis were ex- 
cluded from the study. It was possible to do 
most of the procedures on an outpatient 
basis. The patient’s hospital or outpatient 
chart seldom indicated a complication. 
Actually, almost every patient experienced 
sufficient abdominal discomfort to register 
a complaint. Shoulder pain was a common 
concomitant and slight abdominal tender- 
ness could often be elicited 48 hours later. 
Removing the gas immediatelv after the 
procedure as recommended by Schulz and 
Rosen? may reduce the incidence of this 
mild discomfort. 

A patient with a large ovarian cvst had 
pain after the study and the movable mass, 


* Supported in part by Institutional Grant (Fluid Research Fund) 498103, University of Colorado Medical Center, Denver, Colorado. 
T Professor and Chairman, Department of Radiology, University of Colorado Medical Center, Denver, Colorado. 

1 Associate Clinical Professor of Radiology, University of Arkansas Medical Center, Little Rock, Arkansas. 

$ Formerly, Chief Resident and Assistant in Radiology, University of Colorado Medical Center, Denver, Colorado. Now stationed 


at Keesler AFB, Mississippi. 
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visible on the abdominal roentgenogram, 
was not seen on the pneumogram and could 
no longer be felt. At operation a short time 
later, a ruptured ovarian cyst was found. 
Our one instance of peritonitis occurred in 
a male with carcinoma of the bladder and 
in whom biopsy and fulguration had been 
performed the previous day. Either pro- 
cedure may have precipitated the peritoni- 
tis. Gas has been inadvertently injected 
into the abdominal wall, retroperitoneal 
space, stomach, colon and mesentery, but 
it has not resulted in any problems for the 
patients involved. 


MATERIAL 


During the time of the studv at the two 
institutions, almost every patient seen in 
the gvnecologic tumor clinics had pneumo- 
grams. Also included were selected patients 
from the general gvnecologic clinics, e. 
those with adenexal masses, fertility prob- 
lems or congenital anomalies. Five hundred 
and seventy-nine satisfactory examina- 
tions were obtained on 521 patients repre- 
senting a spectrum of about 30 diseases. In 
193 (37 per cent) of these cases, the diagno- 
sis was confirmed at operation or autopsy. 
Seventy-nine or 12 per cent of the examina- 
tions were unsatisfactory. Poor needle 
placement resulted in the introduction of 
gas into the abdominal wall or retroperi- 
toneal space in 54 cases. Other causes of 
failure were: Huge mass of frozen pelvis in 
13, exposure factors or projection in 8, and 
full bladder or rectum in 4. Twelve per cent 
unsatisfactory studies is a disappointingly 
high figure which reflects the large number 
of technical and professional personnel in- 
volved in doing the procedure in our two 
academic institutions. By far the most im- 
portant reason for failure is improper tech- 
nique in injection of the gas. This difficulty 
quickly disappears with the accumulation 
of experience. The same is true of problems 
with exposure factors or projection. The 
other major source of difficulty is the pres- 
ence of a large pelvic mass. If such patients 
are excluded, experienced personnel will 
routinely achieve excellent examinations. 
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CARCINOMA OF THE CERVIX 

The attempt of identifying cases of cer- 
vical carcinoma on the basis of roentgeno- 
grams alone substantiated the value of 
cervical biopsy. We were more interested in 
evaluating pelvic pneumography as a rou- 
tine adjunct to bimanual palpation in the 
staging of carcinoma of the cervix. A con- 
certed effort was made to examine every 
patient with carcinoma of the cervix, in- 
cluding carcinoma zz situ, seen at the two 
institutions during the study. 

Clinical staging was accomplished in the 
manner endorsed by the Subcommittee on 
Radiotherapy of Cancer of the League of 
Nations. 

Pneumographic staging was based on the 
following considerations: The free edges of 
the broad ligaments are seen on edge in the 
pelvic pneumogram and appear paper thin. 
lhe soft tissue of normal lateral pelvic 
walls constitutes a smooth densitv tapering 
anteriorly and posteriorly and measuring 
about o.5 cm. at the thickest point. 
Smoothness is more important than thick- 
ness since an obese patient may have up to 
2 cm. of normal tissue thickness. On the 
lateral pneumogram the rectouterine and 
vesicouterine recesses are filled with gas 
and uncluttered by tissue, and the normal 
cervix 1s small or unseen. Thus, a normal 
study (Fig. 1, Æ and B; and 2, 4 and B) or 
one showing only cervical enlargement (Fig. 
3) indicates Stage 1; a study which shows 
thickening of the broad ligament on either 
side, but not all the wav to the pelvic wall 
(Fig. 4, 4-D), indicates Stage 11; nodular 
thickening extending to and/or involving 
the pelvic walls (Fig. 5), Stage 11; and fill- 
ing in of the anterior or posterior recesses 
(extension to bladder or rectum) (Fig. 6, 4 
and 5B), Stage 1v carcinoma of the cervix. 

One hundred and ninety-four cases were 
collected. Thirty-eight of these were oper- 
ated upon soon enough after their clinical 
and pneumographic evaluation to afford 
surgical correlation. Arriving at a meaning- 
ful method of evaluating this material 
proved a perplexing problem. Three ap- 
proaches were decided upon and we are well 
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Fic. 1. (WE30) (4) The normal pelvic posteroanterior pneumogram and (A) tracing 
outlining the important landmarks. 
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Fic. 2. (WE 30) (4) The normal lateral pelvic pneumogram and (B) tracing. The lateral projection has not 
received the attention it deserves. We feel that it is an important adjunct to the complete study since it 
depicts the uterus in profile, shows the rectouterine and vesicouterine recesses and, incidentally, may fre- 


quently outline the cervix. 
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aware that two of these leave much to be 
desired. 

The most satisfactory approach was the 
exact comparison of clinical and pneumo- 
graphic staging in those cases in which 
surgical intervention afforded a final an- 
swer. Pneumographic clinical correlation 
was found in 15 of the 38 patients; pneumo- 
graphic surgical correlation in 16; clinical 
surgical correlation in 19; poor clinical 
pathologic correlation but good pneumo- 
graphic pathologic correlation in 9; poor 
pneumographic pathologic correlation but 
good clinical pathologic correlation in 8. 

The common pneumographic error was 
overstaging. Understaging would have been 
readily understandable since scirrhous in- 
vasion of the fornices or vagina would not 
be roentgenographically evident. Since 
pelvic inflammatory disease can simulate 
Stages II and 111 carcinoma of the cervix by 
thickening of the parametria and/or pelvic 
walls, a high incidence of this disease was 
anticipated 1n our overstaged cases. How- 
ever, this did not prove to be true. A re- 
view of our material failed to reveal any 
consistent error which might be eliminated 
in the future. 

The second method involves the classic 
dilemma of comparing two unknowns. One 
hundred and fifty-six patients had no opera- 
tion other than biopsy. How can we say 
whether the pneumographic or clinical 
staging was correct? We decided instead to 
answer the question “How often would the 
therapeutic course have been the same had 
the decisive staging been performed pneu- 
mographically rather than clinically?" (In 
both institutions, clinical staging was the 
major factor in selecting radical surgery, 
radical irradiation or palliative irradiation 
as the optimum therapeutic course.) The 
answer proved to be 131 times in 156 cases 
(84 per cent correlation). 

Lastly, the survival data of 38 patients 
in our study who were not subjected to 
operation but lived 5 or more years were 
analvzed. Based on the assumption that 
longevity should be inversely proportional 
to staging, no correlation could be found 
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Kic. 3. (NF 56) Carcinoma of the cervix, Stage 1. As 
the small uterus in this senile pelvis falls rostrally, 
gas in the peritoneal recesses envelops and out- 
lines the enlarged cervix (7 ). 


between survival and either clinical or 
pneumographic staging. Our biometrician 
assures us that this disappointing finding 
cannot be attributed simply to the small 
size of the sample. 

We can find no justification in these 
statistics for the routine use of pelvic pneu- 
mographv in patients with carcinoma of the 
cervix. However, the statistics do not reveal 
the specific instances in which the pneumo- 
gram may be invaluable. For instance, an 
obese patient gave a history of having had a 
supracervical hysterectomy. The uterus 
was not felt on pelvic examination, but the 
pneumograms revealed an enlarged uterine 
mass. A call to the outside hospital revealed 
that the previous operation had been a tu- 
bal ligation. The pneumographic impres- 
sion was confirmed at operation. 


DISEASES OF THE BODY OF THE UTERUS 


Carcinoma. Thirty patients had endo- 
metrial carcinoma. The pneumograms of 18 
of these showed uterine enlargement and 8 
showed irregularity of the uterine outline. 
The other 4 cases were normal. Uterine 
enlargement and irregularity were nonspe- 
cific changes produced by a variety of con- 
ditions. In these cases, pelvic pneumog- 
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raphy did not prove helpful to the gynecol- 
ogist in caring for the patient. 

M yomata. Eighty-tour patients had uter- 
ine myomata of which $8 were proved at 
operation. Ninety-six per cent of these were 
easily recognized on the pneumograms bv 
the characteristic lobulated enlargement of 
the uterine shadow (Fig. 5). Although this 
statistic is encouraging, very few cases of 
myomata were noted pneumographically 
which had not been diagnosed clinically. 
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Miscellaneous. Cases of sarcoma, pyo- 
genic and tuberculous endometritis, and 
endometriosis were also included in the 
series. These diseases produced only vary- 
ing degrees of nonspecific uterine enlarge- 
ment which could be demonstrated pneu- 
mographically. 


PELVIC INFLAMMATORY DISEASE (PID) 


Forty-six patients in this series were 
proved to have pelvic inflammatory disease 
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Fic. 4. (WE 40) Carcinoma of the cervix, Stage 11. (4) There is bilateral parametrial thickening, more 
marked on the left. (B) The lateral pneumogram demonstrates an enlarged cervix but free rectouterine and 
vesicouterine recesses. (C) Postirradiation study demonstrating disappearance of parametrial thickening. 
(D) Lateral postirradiation study. An enlarged cervix is no longer evident. 
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TABLE I 


FORTY-SIX PATIENTS WITH PELVIC INFLAMMATORY DISEASE 





Clinical 











Pneumographic 
Diagnosis — - - — 
Left Right Total Left Right Total 

) a 
PID 8 4 12| 0307 5 9 14| U 
PID or mass 14 8 7) idis 15 5 20) ~~’ 
Missed 17 13 30 47% 19 LI 30 47% 
l'alse positive — 3 4 i - 2 2 3% 

Total PID 64 39 25 64 


by surgical investigation. Nine of these pa- 
tients also had ovarian tumors and are in- 
cluded in this section and the section on 
ovarian masses. The manner of tabulation 
(Table 1) seems justified by the difficulties 
inherent in distinguishing periovarian in- 
flammatory masses from true ovarian 
tumors. Four specimens identified patho- 
logically as tubo-ovarian abscesses were 
called ovarian masses by the clinician and 
radiologist and were called ovarian cysts by 
the surgeon. While the clinical and pneu- 
mographic methods appear to compare 
favorably, it must be remembered that 
pneumographic distinction between pelvic 
inflammatory disease (Fig. 7) and extension 
of tumor from carcinoma of the cervix de- 
pends upon biopsy exclusion of the latter 
disease. 


OVARIAN MASSES 


In 7o patients the primary clinical or 
pneumographic impression was that of 
ovarian mass. The 49 patients who were 
operated upon had $8 ovarian masses con- 
sisting of 25 benign cvsts, 13 dermoid cvsts, 


TABLE II 


FORTY-NINE PATIENTS WITH 55 OVARIAN MASSES 


Clinical 








Pneumographic 
Diagnosis —————— —— ——  - 
Number Percent Number Percent 
Mass 31 " 38| » 
Mass or PID rj a 5 i 
Missed 26 45 1S 26 
False positive 2 5 6 10 








9 primary carcinomas, 6 benign solid tu- 
mors, 4 metastatic carcinomas, and I 
malignant teratoma. In Table 1 a com- 
parison is made of the clinical and the 
pneumographic diagnostic accuracy. 
Dermoid cysts of the ovary can fre- 
quently be diagnosed from plain roentgeno- 
grams. The calcified periphery, radiolucent 
fatty material filling the cysts and occa- 
sionally teeth present a typical appearance. 
Hence, it is not surprising that of the 13 
dermoid cysts in this series, 10 were cor- 
rectly diagnosed from the pneumogram 
(Fig. 8). Cystic and solid tumors of the 
ovary, whether benign or malignant, pri- 








it od 


AV P 
LES E 





lic. 5. (WF 50) Carcinoma of the cervix, Stage mı. 
Bilateral parametrial thickening extends to and 
involves both pelvic walls. Nodularity of the 
uterine fundus anteriorly indicates myomata ( 7 ). 
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ic. 6. (NF 27) Carcinoma of the cervix, Stage 1v. (4) Postercanterior pneumogram demonstrates bilateral 
parametrial thickening with involvement of pelvic walls. (B) Lateral pneumogram shows obliteration of 
anterior and posterior recesses indicating extension to rectum and bladder. 


mary or metastatic, produce ovarian en- 
largements with no clue to the histology in- 
volvea. In addition, hydrosalpinx (Fig. 9), 
pyosalpinx or hematosalpinx and tubo- 
ovarian abscesses are occasionally indis- 
tinguishable from primary ovarian lesions 
even at operation. This series includes 9 
patients with combined pelvic inflamma- 
tory disease and ovarian masses. The over- 
all diagnostic accuracy of 74 per cent for the 
roentgenographie identification of ovarian 
masses compares favorably with the clinical 
accuracy of §5 per cent. Neither method 
permits specific diagnosis with the excep- 
tion of the roentgenographic identification 
of dermoids. Seven of the masses missed bv 
each method were 2 cm. or less in diameter. 

The additional 21 patients with ovarian 
masses either were not operated upon or 
x | had inadequate clinical data for comparison 

a» with the pneumographic findings. 

Fic. 7. (NF 29) Pelvic inflammatory disease. The 

right parametrium is delicate but the ovary is ad- - - —— —— 

herent to the pelvic wall. On the left an ill-defined 

mass involves the parametrium and pelvic wall. 

The pelvic inflammatory disease is pneumo- examination on this patient indicated a right 


graphically indistinguishable from carcinoma of adnexal mass but after the pneumogram, masses 
the cervix, Stage 111. Interestingly, the first pelvic were felt bilaterally, the larger on the left. 








VoL. 92, No. 2 


CONGENITAL ANOMALIES 


Eleven cases of major congenital pelvic 
anomalies were encountered in this series. 
These can be divided into a group of mis- 
cellaneous anomalies and a group involving 
the question of reproductive capability. In 
the first group, suspected pelvic kidnevs 
and a congenital cervicovaginal band were 
confirmed bv the pneumograms; however, 
didelphia with hematometra was misin- 
terpreted as sarcoma. 

The second group is of particular inter- 
est. The pneumogram does not afford a 
distinction between testis and ovary but 
gonads can be readily identified as such and 
uterus and tubes are easily recognizable. 
This makes the pneumogram the equivalent 
of exploratory laparotomy without biopsy 
in cases of hermaphroditism and makes 
laparotomy unnecessary in cases of con- 
genital absence of female organs. Our series 
includes 4 apparently normal adult females 
who had never menstruated. In each, 





Fic. 8. (NF 29) A large left ovarian dermoid with a 
central tooth( 7 ) displaces the normal pelvic struc- 
tures to the right. 


Pelvic Pneumography 397 





Fic. 9. (WE 44) The left adnexal mass proved to be 
hydrosalpinx. The left ovary is seen as a double 
density through the mass. Note the adhesion to a 
loop of bowel posteriorly ( T ). 


gonads were demonstrated in normal posi- 
tion. In 3 of these there was congenital ab- 
sence of uterus and tubes (Fig. 10) and in 
the fourth an infantile uterus was present. 


Fic. 10. (NF 20) Congenital absence of uterus and 
tubes. The gonads ( 7 ) seen adhering to the pelvic 
walls proved to be normal ovaries at surgery. 


Fic. 11. (WE 19) The classic but seldom encountered 
picture of large smooth ovaries and small uterus in 
a patient with Stein-Leventhal syndrome. This 
relationship is an accentuation of the normal 
status at this age. (From: Goutp, D. M., Burce 
J. W., and Brown, W. E. The gynogram. Clin. 
Obst. €E Gynec., 1958, 7, 622. Reproduced with 
permission of Paul B. Hoeber, Inc., Publishers.) 


We have arbitrarily included in this group a 
small 36 vear old nonmenstruating female 
with a clinical diagnosis of primary gonadal 
dvsgenesis in. whom verv small internal 
genitalia were shown. One true hermaph- 
rodite had an infantile uterus and 1 
gonad demonstrated pneumographically 
(the gonad proved to be ovary—a testis 
was found in the inguinal region). A study 
on a suspected male pseudohermaphrodite 
failed to reveal any internal genital appara- 
tus. In all of these cases except the hermaph- 
rodite, the pneumograms obviated oper- 
ation and thus were of considerable value. 
However, with the increasing emphasis on 
the malignant potential of the intersexual 
gonads and even gonadal rests, all such 
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cases may be subjected to operation for 
prophylactic removal of gonadal tissue. 
Such an approach would lessen the value of 
the pneumoperitoneogram. 


STEIN-LEVENTHAL SYNDROME 


Pelvic pneumography has received much 
attention as an aid in the diagnosis of 
Stein-Leventhal syndrome. The 2 criteria 
which have been suggested as indicative of 
the disease are an absolute increase in 
ovarian size and a decrease to one or less in 
the ratio of size of uterine fundus to size of 
ovary.® With these criteria in mind, we 
reviewed our 8 proved cases of Stein- 
Leventhal syndrome, 5 suspected but un- 
proved cases and 25 cases in which ovarian 
or hormonal disease was not suspected. As 
an approximation of size, each ovary was 
measured in its longest dimension and the 
dimension perpendicular to this at the 
widest point and these two figures were 
multiplied. Thus measured, the normal 
group had an average area of 11.7 cm.” 
with a standard deviation of 4.0. The varia- 
tion was from 5.3 to 22.4 cm.” Of the 8 
proved cases, 2 had unsatisfactory pneu- 
mograms and 1 had concomitant pelvic 
inflammatory disease which precluded 
ovarian measurement. In the § remaining 
cases, the ovarian measurements in square 
centimeters and uterus to ovary ratios were 
PSE (1:30, 164-013), ET.0 101), 17. © (E; 
and 22.6 (0.6). The $ unproved cases 
ranged from 9.9 to 28.4 cm.? with an aver- 
age of 17.5. In 3 of the suspected cases and 1 
normal case the uterus:ovary ratio was I or 
less. In only t proved case (Fig. 11) and 1 
suspected case were both pneumographic 
criteria within the diagnostic range. These 
findings make us approach the diagnosis of 
Stein-Leventhal syndrome by pneumog- 
raphy with considerable insecurity. We 
have not enough material for a statistically 
significant graph of ovarian and uterine size 
according to age, but it 1s our general im- 
pression that young ovaries are larger than 
old ovaries and nonparous uteri are smaller 
than parous uteri. With this in mind, one 
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wonders if pelvic pneumography has any 
place in the diagnosis of Stein-Leventhal 
syndrome. 


SUMMARY 


Pelvic pneumography is described as a 
safe procedure but simple and sure only in 
the hands of an experienced team. The 
necessity for using N:O or CO, as contrast 
agent 1s again emphasized. Contraindica- 
tions to the use of this procedure are the 
presence of large abdominal or pelvic 
masses, peritonitis, or conditions such as 
cardiac or pulmonary decompensation 
which render the Trendelenburg position 
inadvisable. General indications for the 
procedure are obesity, virginity, lack of 
patient cooperation, or other conditions 
precluding a satisfactory bimanual exami- 
nation. Pneumographic demonstration of 
pelvic anatomy in congenital anomalies, 
particularly those related to sex determina- 
tion, may be dramatic but adds little of 
value if laparotomy is required for pro- 
phylactic removal of gonadal tissue of high 
malignant potential. Ovarian masses and 
uterine fibroids are accurately identified 
but do not usually constitute a clinical 
problem. Doubt is cast on the value of this 
procedure as an aid to the diagnosis of the 
Stein-Leventhal syndrome. The procedure 
has not justified its use as a routine ad- 
junct to bimanual examination in the stag- 
ing of carcinoma of the cervix in our hands. 

In short, pneumography may be decisive 
if the clinical examination is difficult, if 
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there is disagreement about the clinical 
findings, or if previous surgery of an un- 

= ae c d 
known nature makes evaluation of the 
physical findings impossible, but we find no 
Justification for its use as a routine proce- 
dure. 


Marvin L. Daves, M.D. 

Department of Radiology 

University of Colorado Medical Center 
4200 East Ninth Avenue 

Denver, Colorado 80220 
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GAS ABSCESS WITHIN A LEIOMYOMA 
OF THE UTERUS" 


By RONALD A. WEINTRAUB, M.D., and FELICIA TILOS, M.D. 


CINCINNATI, OHIO 


Polos ones of the uterus may 
undergo many secondary changes such 
as calcification, hyaline and cystic degener- 
ation, necrosis, fatty replacement, sarcom- 
atous transformation and infection. Sup- 
puration of fibroids is a relatively uncom- 
mon event, particularly if one excludes 
those involving submucous tumors. In a 
review of the literature from 1871 to 1945, 
Miller? cites 75 reported cases of true sup- 
purating fibroids. The present case 1s re- 
ported because of its rarity, both patho- 
logically and roentgenologically. 


REPORT OF A CASE 


M.T., a 55 year old white female, was ad- 


mitted to the Jewish Hospital on December 


10, 1960, with a history of sudden onset of ab- 
dominal distention. Associated symptoms in- 
cluded anorexia, nausea, constipation, and 
severe pain in the right upper quadrant of the 
abdomen. The patient had not experienced 
chills or febrile episodes in the past. Physical 
examination revealed an emaciated woman 
with a protuberant abdomen and edema of the 
lower extremities. A firm, nontender, rubbery 
cul-de-sac mass was outlined on pelvic ex- 
amination, but the ovaries, uterus, or an ab- 
dominal mass were not palpable. 

An admission roentgenogram of the chest 
was normal, but in the lateral view a large air- 
containing structure was incompletely vis- 
ualized below the diaphragm. Recumbent and 
erect roentgenograms of the abdomen and an 
intravenous pyelogram revealed a large pelvic- 
abdominal mass which, on the upright ex- 
amination, contained an air-fluid level. [ts 
margins did not display intestinal markings 
(Fig. rt and 2). A barium enema examination 
showed extrinsic pressure on the sigmoid colon 
with elevation of the cecum on the antero- 
posterior study. There was posterior displace- 
ment of the colon by an enormous radiolucent 
mass in the lateral view (Fig. 3). 





Following admission, the temperature fluc- 
tuated daily bezween 98? and 102° F. The 
white blood cell count ranged between 13,700 
and 14,300 per cu. mim., with 82 to 87 per cent 
neutrophils. 

The patient was taken to the operating room 
with the presumptive diagnosis of gas abscess 
formation in a leiomyoma of the uterus. At 
exploratory laparotomy, a large cystic growth 
almost completely filled the abdominal cavity 
and extended deep into the pelvis. Superiorly, 
the mass was adherent to the undersurface of 
the liver, gallbladder and transverse colon, but 
no fistulous communication was present. In- 
feriorly, the cyst was attached to the posterior 
aspect of a normal-sized uterus. Upon incising 
the lesion, an odor resembling that of hydrogen 
sulfide was emitted. Several liters of a milky- 


Fic. 1. Supine pyelogram reveals the gas-containing 
suppurative fibroid (arrows) occupying a greater 
portion of the abdomen. 


* From the Departments of Radiology, University of Cincinnati Medical Center and Jewish Hospital, Cincinnati, Ohio, 
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white purulent material were aspirated. A sub- 
total hysterectomy with bilateral salpingo- 
oophorectomy was performed. 

After formalin fixation, the uterus weighed 
45 gm. and measured 2.8X4xX4.5 cm. The 
cystic tumor attached to the dorsal surface 
of the uterus at the uterocervical junction 
weighed 2,930 gm. and measured 23X19X7 
cm. (Fig. 4). Examination of the adnexa dis- 
closed fibrosis of the ovaries and bilateral 
perisalpingitis. The microscopic diagnoses were 
leiomyoma of the uterus with areas of lymph- 
angiectasia, inflammation and abscess forma- 
tion, fibrosis of the ovaries and low grade 
salpingitis. Æ. coli was the only organism cul- 
tured from the purulent material. 

The patient was discharged from the hospital 
in good condition following an uneventful post- 
operative period. 


DISCUSSION 


Although infection of uterine fibroids is 
most frequently encountered during the 
sexually active period, particularly in 
puerperal women, no age is exempt from 
this complication. Characteristically, with 
the initiation of suppuration, these pa- 
tients experience an abrupt enlargement in 
the size of the leiomyoma accompanied by 





lic. 2. Erect roentgenogram of the abdomen dem- 
onstrates the gas-fluid level within the suppura- 
tive leiomyoma of the uterus. 
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Fic. 3. Lateral barium enema roentgenogram shows 
the posterior displacement of the colon by the in- 
fected leiomyoma. 


sharp pain in the affected area. The associ- 
ated clinical findings are those of any acute 
infectious process, plus more specific symp- 
toms and signs, such as those of peritonitis, 
depending on the dissemination of the in- 
fection. 

While infection of the leiomyoma may 
represent a primary process, Stark? and 
Faulkner and Douglass! believe that sup- 
puration of fibroids most often is superim- 
posed upon antecedent degeneration, par- 
ticularly "red degeneration." The various 
routes by which the organism may gain 
entry to the tumor include: (1) primary 
extension from the uterine cavity by 
contiguity or via the lymphatic channels; 
(2) secondary invasion from adjacent struc- 
tures, such as the adnexa, bladder or intes- 
tinal tract; and (3) hematogenous inocula- 
tion from the general circulation. 

Submucous leiomvomas are most com- 
monly involved bv the suppurative process 
due to the ease of invasion bv bacteria as a 
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Fic. 4. Pathological specimen. The isolated infected 


leiomyoma with abscess formation measured 
23X.19)X 7 cm. in its greatest diameter. Culture of 


the purulent contents produced A. cofi. 


consequence of atrophy and ulceration of 
the mucosa overlying the tumor, and the 
introduction of organisms as a result of 
operative manipulations within the uterine 
cavitv.! Miller? does not include these 
cases in the category of true suppurating 
fibroids, maintaining that it is primarily the 
mucosa that undergoes the inflammatory 
changes while the underlying myoma 
escapes significant alteration. While this 
may be true in the majority of cases, not 
infrequently the abscess is found deep 
within the substance of these submucosal 
tumors. Whereas submucous leiomyomas 
are most frequently involved by direct 
spread from the uterine cavity, those 
growths infected by extension from con- 
tiguous organs are almost always subserous 
in location. 
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On bacteriologic examination, no single 
organism predominates. The commoner 
bacteria found are colon bacillus, strepto- 
coccus, and staphylococcus. Nixon? re- 
ported 1 case in which, on smear, the 
bacteria morphologically resembled the 
gonococcus, but no growth was obtained on 
ordinary culture media. Though the clos- 
tridium bacillus is one component of the 
natural flora of the vagina, it has never 
been identified as a cause of suppurating 
leiomvomas. In the present case, Æ. coli 
was the onlv organism cultured. 

If the suppuration is not arrested by 
earlv and adequate therapy, grave com- 
plications may ensue. Rupture into the 
peritoneal cavity with subsequent peri- 
tonitis, or perforation into the bowel, 
bladder or uterine cavity may occur. 

The roentgenologic findings are not spe- 
cific, and other pathologic conditions may 





Fic. s. Proven tubo-ovarian abscess with a gas-fluid 
level that roentgenographically resembles the 
suppurative fibroid. (Courtesy of George A. 
Nicoll, M. D., Dayton, Ohio.) 
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be encountered that will produce similar 
changes. We have observed a case of tubo- 
ovarian abscess (Fig. 5) and one of peri- 
vesical abscess that presented roentgen 
findings indistinguishable from those in the 
present case. Walker and Pearson? re- 
ported a case of physopyometra, an accu- 
mulation of gas and purulent material in the 
uterine cavity, in which the roentgen signs 
were identical. Hysterosalpingography in 
these acute cases is contraindicated, but 
catheterization of the uterine cavity with 
subsequent expulsion of purulent material 
may provide the correct diagnosis. In 
emphysematous cystitis, intravenous pye- 
lography or cystography reveals the under- 
lying disease process to reside in the blad- 
der. An ovarian cyst with gas infection or 
fistulous communication with the gastro- 
intestinal tract should show similar roent- 
gen signs. Dilated loops of bowel with air- 
fluid levels secondarv to obstruction of the 
small intestine or colon may temporarily 
cause confusion, but contrast studies of the 
intestine should readily separate these 
lesions from suppurative leiomyoma of the 
uterus. 


SUMMARY 


A case of gas abscess within a leiomyoma 
of the uterus is reported and the etiology, 
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clinical findings, pathogenesis and differ- 
ential diagnosis are discussed. 


Ronald A. Weintraub, M.D. 
Division of Diagnostic Radiology 
Department of Radiology 
Stantord Medical Center 

Palo Alto, California 
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WEIGHTED GONADAL DIAGNOSTIC ROENTGEN-RAY 
DOSES IN A TEACHING HOSPITAL WITH 
COMMENTS ON X-RAY DOSAGES TO THE 

GENERAL POPULATION OF THE 
UNITED SLATES* 


By ROBERT N. COOLEY, M.D., and LUCAS B. BEENTJES, Pu.D. 


GALVESTON, TEXAS 


ECENT studies??? show that, in 
countries with a high level of medical 
care, medical radiology is the largest source 
of man made radiation affecting the gen- 
eral population. Furthermore, diagnostic 
radiology provides a much larger propor- 
tion of this radiation than both therapeutic 
radiologv and the uses of nuclear medicine. 
l'or purposes of studv and evaluation, it is 
convenient to divide the deleterious effects 
into those manifest in the recipient of the 
radiation (somatic) and those manifest in 
the offspring or progeny of the recipient 
(genetic). Genetic effects of radiation are 
related to the reproductive span and 
fecundity of the parents and the amount of 
radiation absorbed by the gonads.* The 
present paper is concerned with the de- 
termination of gonadal diagnostic roentgen- 
ray doses to which patients are exposed and 
its distribution according to their age and 
sex. 

The International Commission on Radio- 
logical Protection* (ICRP) and the Inter- 
national Commission on Radiological 
Units* (ICRU) recommended that the an- 
nual genetic dose G of x radiation be de- 
fined as the summation over all groups of 
the product of 


D;=average annual gonadal dose re- 
ceived by each person in age group 
1 

P;=child expectancy of each group 1 

AN; — number of individuals in each group 
1 


divided by the expected number of off- 
spring from the population (})P;X.\,). 
This may be written as 
> DPN; 
= 
» PN; 
An equivalent value can be obtained by a 
summation of the product of the average 
gonadal x-ray dose (D;,) received bv ex- 
posed persons in each group, the number of 
exposed persons in each group (N,,) and 
the average child expectancy (P,) of a per- 
son in group 7, divided bv the expected 
number of offspring so 
2,Da PAN 
PIS ase asas Ro MA 
> PN, 

Thelatter expression assumes that the child 
expectancy P; for the whole group applies 
equally to the exposed fraction (V,,) of the 
group as to the group (N;) itself. 

In a recent survey in the United King- 
dom (The Adrian Report),'? the number of 
exposed persons in each population group 
(grouped according to age and sex) was 
determined bv a questionnaire sent to all 
hospitals in the National Health Service 
requesting this information for two sepa- 
rate weekly periods about 7 months apart 
during 1957. In a similar survey in Sweden, 
data were obtained from intormation sub- 
mitted to the Swedish Medical Board 
(Lorentzen quoted from Larsson).* In both 
countries, the average gonadal dose for 
each type of diagnostic x-ray examination 


(T) 


to 
— 


* Work reported in this paper was supported by U. S. Public Health Service Grant No. A 3008 (R1). 
From the Radiology Department of the University of Texas Medical Branch Hospitals, Galveston, Texas. 
Read in part at the Tenth International Congress of Radiology, Montreal, Quebec, Canada, August, 1962. 
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was determined in part by survey teams of 


physicists and technicians sent to a num- 
ber of representative hospitals and radio- 
logic installations throughout the country 
where direct measurements were made 
under actual operating conditions using, for 
the most part, specially designed. 1oniza- 
tion chambers. Particularly in the United 
Kingdom, this was supplemented by phan- 
tom measurements with adjustments for a 
variety of radiation qualities and geomet- 
ric factors relating to scatter. 

P, the child expectancy of each group, 
was determined from vital statistics readily 
available in each country concerning the 
age distribution of the population and the 
number of live births per year. Certain 
adjustments were made in each instance in 


order to evaluate the effects of radiation of 


the fetal gonads in obstetrical and non- 
obstetrical examinations. In this manner, 
all of the variables in equation (2) above 
were obtained, and summation and di- 
vision gave the annual genetic dose from 
general diagnostic roentgen rays in the 
United Kingdom as 14.1 mr 4 r.o mr and 
in Sweden 72 mr+18 mr. These figures 
were ye E A of dental examinations. 
Also, 70 mm. mass survey chest examina- 
tions were not included in the United 
Kingdom survey but were estimated to 
contribute about .ol mr per year and were 
thus negligible. Doses were given in mr 
since conversion to millirems would result 
in only a minor correction which would be 
unjustified in view of the general error of 
the method used in evaluation. 

While some minor aspects of each survey 
might be inadequate or subject to criti- 
cism, both represent a comprehensive ap- 
proach toward evaluating the radiation 
hazards due to diagnostic roentgen rays. A 
similar survey has not as yet been possible 
in the United States due in a degree to the 
large number and variety of radiologic 
installations and the many private offices 
and hospitals not subject to governmental 
regulation or surveillance. The adequate 
sampling and collection of simultaneous 
data from such a large number and variety 
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of radiologic laboratories certainly would 
be a formidable undertaking. Conse- 
quently, indirect and probably less ac- 
curate approaches to the evaluation of 
genetic x-ray doses in this country have 
been used. Laughlin and Pullman? made a 
survey early in 1956 based on the data 
available in various publications up to the 
middle of 1955. Assessment of average 
gonadal doses for various roentgenologic 
examinations was derived mainly from 
published reports from the United States, 
Great Britain and Australia. On the 
advice of the geneticist, effective radiation 
was considered to be that radiation re- 
ceived by the gonads of the population dur- 
ing the first 30 vears of life. The reason for 
the selection of 30 years of age as a cut-off 
point is that this point is about halfway in 
the reproductive span so that if the full 
genetic effects were assumed to be admin- 
istered over the first half of the span, then 
they could be neglected during the second 
half. This greatly simplified the collection 
of data. The dosages were summated for a 
period of 30 years or one generation. The 
figure obtained is thus the dose received by 
parents that affects their offspring and 
represents a dosage per individual offspring 
over a 30 year period. The results show a 
prob able 30 year dose of 4.1 r to the gonads 
and a minimum or possible dose of 1.5 r. 
This is equivalent to about 135 mr per 
vear and is roughly equal to background 
radiation. Other studies!! suggest that this 
method of evaluating the gonadal dose 
might approximate that obtained by using 
child expectancy factors for each popula- 
tion group. Although the method of select- 
ing the data cannot be compared with that 
possible in later surveys in the United 
Kingdom and Sweden, the inference is that 
the gonadal dose at the time of the survey 
(1955) may have been considerably higher 
in the United States than abroad. 

Billings e£ a/.! in their assessment used a 
figure of 25,000,000 roentgenographic ex- 
aminations per year in the United States.’ 
The distribution of roentgen-ray examina- 
tions was studied in a children’s clinic, a 
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private general hospital, and a county 
general hospital. The patients having ex- 
aminations in the county general hospital 
were considerably younger on the average 
‘than those in the private general hospital. 
Population was divided into patients under 
30 and over 30 years of age, and those over 
30 were again neglected. The patients under 
30 years of age were likewise divided into 
two groups because of differences in roent- 
genographic techniques in children and in 
adults. The distribution of these age 
groups in the general population according 
to the 1950 census was used, and then the 
frequency of roentgenographic examina- 
tions according to the distribution in the 
county general hospital was used. Average 
gonadal doses for a number of common ex- 
aminations were measured directly, al- 
though no details as to the exact technique 
of measurement were given. Applying the 
average gonadal doses thus obtained to the 
frequency of roentgenographic examina- 
tions in a private general hospital, the 30 
year cumulative dose for males was 150 
mr and for females 300 mr. Using the fre- 
quency distribution of the county general 
hospital, the doses were 730 mr in males 
and 1,100 mr in females. They estimated 
that fluoroscopy would add an equal 
amount and suggested that the contribu- 
tions of 70 mm. photofluorographic exami- 
nations would be negligible. Since back- 
ground radiation over a 30 year period 
would be approximately 3.1 r, the sug- 
gested gonadal dose from their studies was 
thought to be not greater than 25 per cent 
of background and might be considerably 
lower. 

Norwood e£ al., using a captive popula- 
tion of 26,700 people, studied the distribu- 
tion of 85,000 examinations including 
dental roentgenograms and 70 mm. survey 
roentgenograms over a 4 year period. 
Measurements of average gonadal doses 
were made using pressdwood and water 
phantoms and the roentgen-ray machines 
which had provided the actual examina- 
tions. Studies were made of the doses ad- 
ministered to children for various pro- 
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cedures. Child expectancy tables were also 
prepared from experience in the actual num- 
ber of children produced by the population 
group. Summations were then made of the 
dosage to each individual in a population 
group times the number of years spent in 
the population group times the percentage 
of the total child expectancy that each 
population group would have. This in es- 
sence consisted of summing up the amount 
of radiation administered to each person 
prior to the time of conception divided by 
the number of children to be expected. 
They found that for males the dosage was 
1.3 r to each person per child and 1.2 r for 
females. At the same time, they summated 
the total dose administered during the first 
30 years of life and found this to be 1.4 r, 
a remarkably close agreement between two 
different methods of assessment. When 
either of these figures is divided by 30, a 
dose of approximately 45 to 5o mr per year 
Is obtained and this is approximately two- 
fifths of background. 

Brown e£ al.? reported on the distribution 
of diagnostic roentgenologic examinations 
according to age and sex in 100,000 people 
receiving full medical care under the Kaiser 
Foundation Health Plan. The incidence of 
all types of examinations was about 111* 
per 10O persons per year or somewhat 
higher than that obtained by Norwood 
et al.“ and also higher than is reported in 
the Volume of X-ray Visits of Health Sta- 
tistics, 1960-61, Series B-No. 38,’ in which 
a figure of ṣo per 100 per year is given. The 
frequency of each examination per 1,000 
persons per year was multiplied by the 
average gonadal dose as estimated by the 
Laughlin and Pullman? report and summat- 
ing the exposure and applying the exposure 
to those people under 30 years of age and 
summating the exposure over a 30 year 
period they obtained a dose of about 1.5 r. 
It is necessary to point out that in both of 
the above studies the gonadal doses were 
administered in well conducted roentgeno- 
logic installations and cannot be considered 


* Exclusive of dental and survey chest roentgenograms. 
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as representative of radiologic practice in 
the country at large. 


MATERIAL AND METHOD 


Two hundred and nineteen thousand 
five hundred and ninety consecutive diag- 
nostic roentgenologic examinations per- 
formed at the University of Texas Medical 
Branch Hospitals during the period March 
1, 1960 through August 31, 1962 (30 
months) have been tabulated according to 
age, sex and type of examination. For the 
past 7 years, it has been routine to include 
this information in an indexed punch card 
for each examination performed in the 
Radiology Department along with the 
diagnosis, number of films used, and other 
pertinent information. Ninety-seven dif- 
ferent examinations are thus recognized 
and indexed, although tor purposes of this 
report, several examinations involving the 
same bodv area were lumped together, 
forming 20 categories of examinations. 

Four thousand two hundred and seventy- 
nine of these cards had no age recorded and 
7,582 had no sex recorded. The hospital 
records corresponding to approximately 
1,500 of these cards were pulled and 
checked as to the recorded age and sex, and 
it became apparent that the distribution of 
these cards was similar to that of the entire 
group. Consequently, age and sex were 
assigned to the remaining cards in propor- 
tion to that found in the remainder of the 
cards. Included in the roentgenologic ex- 
aminations were angiocardiographies, car- 
diac catheterizations, dental examinations, 
70 mm. photofluorographies, surveys of 
clinic patients and personnel, and all the 
other examinations that are routine in a 
busy department in a teaching hospital. 


DETERMINATION OF AVERAGE 
GONADAL DOSES 


Average gonadal doses were assigned to 
each of the 97 different examinations ac- 
cording to sex and to three age groups; 
namely, o through 4 years, § through 14 
vears, and adults. Values for the gonadal 
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doses were arrived at in three different 
ways: 

1. Output of our machines was deter- 
mined in terms of milliroentgens per mas., 
at different kv. peaks and a table was con- 
structed from which the skin dose in the 
central ray could be determined with an 
error, we believe, no larger than +25 per 
cent. A number of techniques and dosages 
recorded in the literature was studied. The 
ratio of skin dose to gonadal dose was 
determined for the technique, kilovoltage 
and filter most comparable to ours. The 
ratio of gonadal dose to skin dose was ap- 
plied to our skin doses. We are greatly in- 
debted for the complete dosage tables pro- 
vided by Webster and Merrill,’® as our 
technique and exposure factors are similar 
in most instances. This method was applied 
to those examinations in which the gonadal 
dose or frequency was small, such as the 
extremities, skull, facial bones and cervical 
and thoracic spine. 

2. The skin dose was determined by 
direct measurements in the central beam or 
on the lower abdominal wall in the region 
of the ovaries. The ratio of the skin dose to 
gonadal dose for central beam skin doses 
and for scattered skin doses from the ab- 
dominal wall was determined trom phan- 
tom measurements. These measurements 
were then compared with data recorded in 
the literature, ^ *!*!! and in a number of 
cases compared with data made trom direct 
and simultaneous measurements of the cen- 
tral beam and gonadal doses determined 
with chambers in the rectum or on the 
scrotal skin. In this manner, a ratio of 
gonadal dose to skin dose and a ratio of 
ovarian dose to scattered skin dose were 
determined. This was then applied to direct 
measurements of the skin dose. Quite a few 
of the doses for the abdominal and chest re- 
gions were determined in this manner. 

3. In those examinations in which the 
frequency was high, such as the chest, or 
particularly those in which the dose was 
high, such as pyelography, examinations of 
the hip and pelvis and barium enema 
studies, direct measurements were made 
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by inserting an ionization chamber in the 
rectum or vagina or by placing a chamber 
and dental films on the scrotal skin. Cor- 
rections of the readings taken from the rec- 
tal and vaginal chambers were made in 
order to correct for differences in location 
in relation to the ovaries. Dosages deter- 
mined in this manner are indicated by an 
asterisk in Tables 1 and 11. 

The determination of dosages, particu- 
larly using the technique described in (3) 
proved to be a large task, and the number 
of direct measurements is probably insuff- 
cient to permit proper weighing of all 
variations of conditions and techniques. As 
shown in the other investigations, the 
greatest Vaniation occurred in those ex- 
aminations in which the gonads may or 
may not be in the direct beam; for example, 
pyelography, examinations of the lumbar 
spine in males, and also those in which the 
period of fluoroscopy was variable, such as 
in barium enema examinations. 

It should be remembered that the 
presence of an ionization chamber on the 
patient is a stimulus and a reminder to 
the technician and radiologist to be careful 
of their technique and thus actually changes 
the circumstances of the measurements 
tending to reduce sloppy technique. Tables 
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1 and 11 show the values for average gonadal 
doses that we have used, and these are com- 
pared with some of those reported else- 
where in the literature. It is seen that, in 
general, our doses are slightly lower than 


those of others, except those of Webster 
and Merrill! 


INSTRUMENTS AND TECHNIQUE 
OF MEASUREMENTS 


Roentgen-ray dosages were measured us- 
ing Eastman E-2 monitoring film and an 
assortment of ionization chambers. The 
films were placed in the radiation field in 
or about at right angles to the incident 
beam. Usually 8 films were placed in the 
incident beam on the skin, and a similar 
number in the exit beam. In measuring 
scattered radiation by the use of films, par- 
ticularly in the determination of scrotal 
doses, 3 films were placed in a holder at 
right angles to each other, and measure- 
ments were made from all 3 and the values 
taken into account after proper weighing. 
However, all scrotal dosages were deter- 
mined by ionization chambers, and the film 
readings were simply a confirmatory 
method of measurement. A step wedge was 
used with known amounts of radiation, and 
all films were developed in a special de- 


TABLE Í 


COMPARISON OF PROBABLE GONADAL DOSES—MALE 





(mr) 
University of Texas Larsson? 
Adult a Adult Child 
Chest (70 mm.) .8 (*r2) .76 1.5 
Chest (predominantly pos- 
teroanterior and lateral) 46 (*37) 54 1.8 1.0 
Hip $20 240 
Lumbar Spine 2350  (* 5) 300 940 2,270 
Pelvis 260  (* 7) 120 870 1,330 
Excretory Urography and 
Retrograde Pyelography 260 (*26) | 1,000 1,240 930 
Abdomen Survey (gastroin- 
testinal and genitourinary— 
3 roentgenograms) 260 (*36) 480 1,360 
Upper Gastrointestinal Series | 55 (* 7) 400 I4 75 
Barium Enema Studies 10200 (* 4) oo 310 600 
Angiocardiography 16 (* 4) 23 (*2) 
Abdominal Aortography 6:0 (* 6) | 1,200 


* Number of direct measurements. 
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Tase II 
COMPARISON OF PROBABLE GONADAL DOSES— FEMALE 
(mr) 
University of Texas Larsson* Adrian Report? | Webster and Merrill's 
Child Child i. Child 
Adult | (5-14) Adult | TUNE Adult Child Adult (10 yr.) 
Chest (70 mm.) 1.9 (*13) 1.8 3.6 .092 | 10.0 
Chest (posteroanterior and | 
lateral) 0.8 (* 9) 10 4.1 2.4 6.0 5.0 | 0.6 9.5 
Pelvis 180 (* 4) 50 200 280 400 210 11S 50 
Hip 3560 (* 4) 100 200 460 120 60 230 IOO 
Urography 640 (* 4) 475 925 445 640 210 625 380 
Abdomen Survey (gastrointesti- | 
tinal and genitourinary—3 
roentgenograms) | 300 (*21) 190 1,150 210 Iis 375 190 
Placentography and Pelvimetry 630 (*20) 1,080 745 
Upper Gastrointestinal Series 70  (*18) 300 29 | 105 333 114 
Barium Enema Studies 850  (*33) 450 1,520 475 875 
Angiocardiography 56 (* 7) 200 8.7 8.7 
Abdominal Aortography 950  (* 9) 310 247 
Hysterosalpingography 3.900 (© 5) 2,600 313 











* Number of direct measurements. 


veloping unit using agitation of the develop- 
ing fluids. A response curve was drawn from 
the calibration films, and dosages were 
determined after reading the density of 
each film in a densitometer. 

The majority of measurements were 
made with the chambers described by 
Garrett and Laughlin? which are effective 
in the range of 20 to 600 mr. These cham- 
bers proved to be invaluable in this study. 
Baldwin-Farmer chambers B-15 were used 
for measurements from 600 mr to several r. 
Victoreen minometer chambers were used 
for the area of o to 200 mr and also for the 
area of o to 10 mr. Also, a 2.5 r Victoreen 
chamber was used. All chambers were care- 
fully standardized for quality and dose rate 
effects against a standard 25 r Victoreen 
chamber. The Garrett and Laughlin and 
Farmer chambers were charged and read in 
a type RBMK-; Baldwin-Farmer elec- 
trometer. 


CONSTRUCTION OF CHILD EXPECTANCY 
TABLE FOR THE POPULATION OF 
THE UNITED STATES 
In order to determine P; in equation (1) 
or (2), it is necessary to determine the child 
expectancy for each age group of the popu- 
lation. The Vital Statistics of the United 











States, 1960,!! give the number of live births 
for that vear for women for each vearly age 
group from age 15 through so with lump 
figures for women older and younger. From 
the same source, the number of live births 
for men in five year groups is given from 
15 through 60 years. For the distribution of 
the population according to age, the 1960 
census as given in the World Almanac, 
1962 Edition," was used. Knowing the age 
distribution of the population and the num- 
ber of offspring produced in 1960 from each 
age group, the number of expected offspring 
per vear for each sex and age group can be 
calculated. These values would be additive 
onlv if all of the population considered in 
the table would continue to live throughout 
their reproductive lifetime. This obviously 
does not occur so a correction must be made 
for mortality. Therefore, we determined 
the average length of time spent by a person 
in a given age group and in subsequent age 
groups until death. Data for this were 
found in life tables presented in the Vital 
Statistics of the United States, Section 5, 
1959.^ Multiplication of the number of 
vears likely spent in each period times the 
number of babies per year for each period 
gives the number of babies expected per 
period. 
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Tasce III 


CHILD EXPECTANCY VALUES 


2 3 4 
Pelvimetry Hiat 


an h 
Female Placen: salpingo- 


togrdphy graphy 
3-59 
3.61 6.13 
3.60 6.01 1.74 
2.87 5.06 1429 
1.63 3.90 .69 
511 3.51 .20 
.028 2.51 .008 
.Oo00I1S| 3.51 





A further significant correction 1s neces- 
sary to allow for fetal irradiation given dur- 
ing pregnancy exclusive of pelvimetry and 
placentography. The absolute number of 
these examinations was not known to us. 
From the child expectancy data we were 
able to obtain the average incidence of 
pregnancy of each particular age group. 
Since there is a reluctance in our hospital 
to subject pregnant women to radiation, 
we assumed that the frequency of examina- 
tion was only two-thirds of that of the non- 
pregnant group. Also, the effect on the 
offspring of the unborn fetus must be ap- 
praised, and a slight correction is necessary 
to account for fetal mortality. The child 
expectancy of the fetus was found to be 
3.54, which is less than the 15 to 20 year 
group because of the slight mortality of 
infancy and childhood. These corrections 
have been added to the female child ex- 
pectancy giving the final figures set forth 
in Table m1, Columns 1 and 2. 

Column 3 of Table ur, which refers to 
pelvimetry and placentography, was com- 
piled to apply to those women known to be 
pregnant. This considers the child expect- 
ancy of the fetus as calculated above with 
a slight correction for neonatal mortality 
plus the child expectancy of the mother. 
Since most of these examinations are con- 
ducted in the latter trimester, the mortality 
due to miscarriage need not be considered. 
The fetal gonads were believed to receive 
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the same dose as the mother, although this 
assumption is open to serious question, and 
it is probable that they receive somewhat 
more and that the table should be revised 
to show this. However, the location of the 
fetal gonads 1s so variable and the tech- 
niques of pelvimetry are likewise so vari- 
able that precise evaluation will be difficult. 
The child expectancy for the pregnant 
mother is presumably less than that of the 
non-pregnant women of the same age 
group. The child expectancy of these 
pregnant women was considered as equal 
to the non-pregnant women of the same 
group minus .99. In the older age groups 
(above 30), the expectancy has been taken 
as o, and the genetic contribution 1s there- 
fore due entirely to radiation of the fetus. 
Hysterosalpingography also presented a 
special situation in that child expectancy 
is reduced. According to the impressions of 
the personnel of our Sterility Clinic, about 
one-half of the women subsequently be- 
came pregnant. Most of these are in their 
late twenties or early thirties. In Table 
ur, Column 4, the child expectancy is set 
forth as one-half of the child expectancy 
of non-pregnant women of the same age. 


ANALYSIS OF DATA 


Table iv shows the roentgenologic ex- 
aminations arrayed in descending order of 
magnitude as sources of gonadal doses in 
both sexes. The first five categories in 
Table 1v comprise 72.4 per cent of the total 
dose and represent only 15.7 per cent of the 
total examinations, and 95.2 per cent of the 
total dose comes from 26 per cent of the 
total examinations. This approximate dis- 
tribution has been found in other sur- 
veys ts 

Tables v and v1 show the relationship in 
each sex of the percentage of dose to the 
percentage of examinations. In females, the 
relatively large dose limited to a relatively 
few examinations 1s striking and due, in a 
considerable part, to the contribution of 
pelvimetry and placentography. During 
the period of our survey, 4,625 women de- 
livered, giving an incidence of pelvimetry 
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Taste IV 
ROENTGENOLOGIC EXAMINATIONS AS SOURCES OF GONADAL DOSES IN BOTH SEXES 
) 
Dosage | Per Cent of No. of pie. d 
inr Total Dose Examinations p pin, 
dts i Examinations 
Genitourinary (pyelography and cystography) 3,927 24.5 10,651 4.850 
Abdomen Survey (gastrointestinal and genitouri- 
nary) 2,227 13.9 9,377 4.270 
Pelvimetry and Placentography 2,162 pau 4271 .199 
Barium Enema Studies 1,836 A- 9,476 4.315 
Hip | 1,445 9.0 4,612 2.100 
Lumbar Spine and Sacrum 1,269 "P £847 2.658 
Upper Gastrointestinal Series 731 4.6 11,144 2.125 
Cardiac Fluoroscopy and Catheterization* 730 4.6 2 195 .989 
Pelvis 555 ce. 3,281 1.495 
Hysterosalpingography 376 25.3 195 .o89 
Chest, Ribs, 70 mm. SurveyT 351 2.2 102,850 46.837 
Bone Survey, including Pelvis, Spine and Extremities 119 63 220 .100 
Extremities, including Upper Femoral Shaft 103 E 21,960 9.686 
Aortography 88 i 343 .156 
Angiocardiography 59 Tå 207 .096 
Skull, t Sinuses and Cervical Spine 21 5s 30,194 13.749 
Gallbladder 19 12 "y odas 3.290 
Totals 16,018 100 219,590 100.000 
* Includes 211 cardiac catheterizations. T Includes 11,600 70 mm. examinations; total dose — 27 r. 


t Includes 8,798 dental examinations; dosage — 8 r. 


TABLE V 


RELATIONSHIP OF PERCENTAGE OF GONADAL DOSE TO PERCENTAGE OF EXAMINATIONS—MALE 












































Per Cent of Per Cent of 
Male Male 
Dose Examinations 
Genitourinary (pyelography and cystography) 30.9 4.6 
Lumber Spine and Sacroiliac 9.2 2.6 
Pelvis 6.0 Í.à 
Hip 15.9 21.3 
34.1 6.3 
Upper Gastrointestinal Series 5.2 $15 
Barium Enema and Small Bowel Studies 8.4 "C 
13.6 9.8 
Abdomen (part gastrointestinal, part genitourinary) 13.1 2.2 
Cardiac Catheterization and Cardiac Fluoroscopy 53 46 1.1 
Chest (including 70 mm. film and bronchography) 9 | Ci 
Angiocardiography .24 si 
9 
Thoracic and Abdominal Aortography 82 3 
TA 
Others— Skull, Thoracic Spine, Extremities, etc. 3.4 29.5 
Totals 100 100 
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TABLE VI 


RELATIONSHIP OF PERCENTAGE OF GONADAL DOSE TO PERCENTAGE OF EXAMINATIONS—FEMALE 











Pelvimetry and Placentography 
Genitourinary (excretory urography and cystogra- 


phy) 


Upper Gastrointestinal Series (exclusive of gall- | 


bladder) 


Barium Enema and Small Bowel Studies 


Lumbar Spine and Sacrum 
Pelvis 


Hip 


Abdomen (gastrointestinal and genitourinary) 


Cardiac Catheterization and Cardiac Fluoroscopy 
Hysterosalpingography 

Chest (including fluoroscopy and 70 mm. film) 
Angiocardiography 

Aortography 


Others—Skull, Thoracic Spine, Extremities, etc. 





Totals 








Per Cent of 


























Per Cent of 
Female Female 
Dose Examinations 
A145 4 
20.5 HS 
451 4.0 
13.4 4-3 | 
2 | 
17.5 | 9.I 
14.4 
951 2.7 
I 9 I fy 
2.9 I.9 
11.9 6.2 
5.8 -9 
3.8 i 
3.0 45.2 
4 
4 
an .2 
e 32.8 
LOO 100 











(2 films) and placentography (2 films) of 
9.4 per cent (147 placentographies and 289 
pelvimetries). This incidence agrees fairly 
well with that used by Laughlin and Pull- 
man’ as quoted from Kohl (11.4 per cent 
pelvimetries and .§7 per cent placentog- 
raphies—total 12 per cent) and refers to 
large hospital practice. We feel that the 
incidence of these examinations in the 
general population is considerably less than 
this, however. In recent vears, the use of 
pelvimetry has declined due to a greater 
awareness of its radiation hazards. Also, the 
need for and interest in the procedure in a 
medical center will alwavs be greater than 
in general obstetrical practice. However, 
Larsson? found the incidence of pelvimetry 
as .2 per cent of all examinations and other 
abdominal obstetrical examinations as an 
additional .2 per cent, which is somewhat 
greater than our incidence. Brown e al? 
found the incidence of pelvimetry as about 








3/100 of 1 per cent. On the other hand, 
Norwood ef al." found an incidence of .192 
per cent for pelvimetry and .44 per cent 
for obstetrical abdomens, presumablv part 
of which were placentographies. Conse- 
quently, it is likely that our incidence is not 
excessively high and is fairly representative. 

The contribution of cardiac fluoroscopy 
and cardiac catheterization in other sur- 
veys related to the general population has 
been reported as insignificant because of 
their infrequencv. However, in medical 
center practice the number of fluoroscopies, 
particularly for cardiac catheterization and 
in children, is sizable. These examinations 
were performed on standard fluoroscopes 
with an output of about 8 r per minute. 
The average duration of fluoroscopy for 
cardiac catheterizations was I2 minutes. 
The number of cardiac catheterizations was 
211. 

Chest examinations, particularly in fe- 
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males, contributed a relatively larger 
amount of radiation than the other general 
surveys. Our material contained a con- 
siderable number of female infants in whom 
the gonadal dose was high because the 
gonads were in the direct beam. There was 
also a large proportion of females because 
the chest survey was conducted predomi- 
nantly on the nursing personnel. This fig- 
ure also includes laminagraphy of the chest 
and bronchography which entail some 
fluoroscopy. 

The Adrian Report? evaluated angiocar- 
diography and aortography but its esti- 
mate of the average gonadal dose seems 
low, particularly in children using bi-plane 
apparatus where single runs of 40 to 60 
films are not unusual. However, the total 
contribution of these procedures, even in a 
teaching hospital, is small. Furthermore, 
the child expectancy of these patients is 
certainly less than that in the general 
population. 

Our data serve to re-emphasize the ob- 
servation that the single most effective 
means of lowering the significant. gonadal 
dose in the male is the shielding of the 
gonads in the relatively few examinations 
involving the genitourinary tract and ab- 
domen. This could be readily accomplished 
by the use of a metallic shield, or even 
better, each male patient could provide 
himself with his own testicular shield. Our 
data also reafirm that pelvimetry and 
placentography deliver an inordinately 
high weighted gonadal dose, and conse- 
quently the indications for their use should 
be critically evaluated. The reduction in 
the number of genitourinary and abdom- 
inal examinations in women, of course, 
might produce a significant decrease in 
gonadal dose, but here it would have to be 
measured against the possible benefit, and 
consequently no large reductions would 
appear likely. Cardiac fluoroscopy may 
produce a small but significant dose, but 
fortunately its use is on the wane, except 
in the area of cardiac catheterization. The 
number of these latter examinations, how- 
ever, 1s likely to remain quite small. Like- 
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wise, the contributions of aortography and 
angiocardiography are of relatively low 
order. 


COMMENTS ON THE PROBABLE SIGNIFICANT 
OR WEIGHTED GONADAL DOSE RECEIVED 
BY THE POPULATION OF THE 
UNITED STATES 


Our data provided us with the frequency 
distribution of a wide range of diagnostic 
roentgenologic procedures according to age 
and sex in a sample of the population of the 
United States. Since the distribution within 
the sample represents the radiologic prac- 
tice in a single teaching hospital, it 1s quite 
likely that it differs from that of the entire 
country. However, if the differences can be 
evaluated and a comparison drawn with the 
country as a whole, a basis might be estab- 
lished for approximating the dosage for the 
entire population. This, of course, assumes 
that the average gonadal doses used in our 
studies prevail in general radiologic prac- 
tice. However, comparison of our average 
gonadal doses with those of other investi- 
gators^?^*!? in the United States suggests 
that our doses on the whole are lower. Con- 
sequently, estimates based on our gonadal 
doses can be considered as being possible 
and easily obtainable, but perhaps lower 
than the average. 

The recent publication “Volume of X-ray 
Visits," Series B-No. 38, U. S. Department 
of Health, Education and Welfare,’ gives 
the distribution of x-rav visits in the United 
States in the calendar vear July, 1960 to 
June, 1961 as determined from interviews 
of about 125,000 persons carried out during 
the taking of the 1960 census. From the 
information presented, 1t appears that ap- 
proximately 89,000,000 diagnostic roent- 
genologic examinations were carried out 
amongst a population of 77,984,000 per- 
sons or an incidence of .§ examinations per 
person. Approximately 40 per cent of the 
chest examinations were of the survev tvpe, 
and when we eliminate these and also the 
dental examinations, we find that about 
69,000,000 diagnostic roentgenologic ex- 
aminations were carried out on the general 
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Taste VII 


RATIOS OF EACH CATEGORY OF xommons | 


No. in U. $.* 
No. in U. of Texas Sample 


L PERSONS UNDER jO ACCORD- 


ING TO SEX WITH ANNUAL GENETIC DOSE PROJECTED TO ENTIRE POPULATION OF THE UNITED STATES 





Ratio 
Chest 
exclusive of M 354 
survey films F 339 
Lower Abdomen M 361 
F 271 
Upper Abdomen M 872 
F 943 
Extremities M 754 
F 537 
Head and Neck 
exclusive of M 279 
dental films F 316 
Total 


No. of expected offspring from population of U. S. (1960)= 162X 108, 


G= §.9X 10/924 X 108 .o18re- 18mr.T 
* No. taken from Booklet No. 38.7 


Genetic Dose in 
U. of Texas Sample (r) 


ON i aP it aDija 


Estimated Genetic Dose 
to U. S. Persons (annual) 





i (r) 
253 89,589 
862 292,226 

5,023 1,813,539 
8,160 2,211,430 
646 563,746 
800 754,164 
184 138,816 
38 20,251 
9,207 
33 5,056 
16 
5,898 ,004 
1— age group. 
j= category of examination. 
f= sex. 


+ Addendum: If the summation of the product of the average annual gonadal dose D; received by each person in age group /, multi- 
plied by the average child expectancy Py, of the age group, multiplied by the number of individuals Nj, in the age group, is divided by 
the expected number of offspring of the population, a genetically significant annual gonadal dose G is found of twice the amount quoted 


here, namely 56 mr. This is due to the fact that 
Z Diu Piu Nin 
i 


Z PaNii 


LDyPyw Nur 
í 


2 PirNir 
Li 


z Dj Pun; 


= oy 
E PiN; 


in which M stands for the male sex and F for the female sex. In this case G represents the gonadal dose to the next generation rather than 


the significant gonadal dose to the exposed generation. 


population or an incidence of about .33 ex- 
aminations per person per year. The ex- 
aminations are divided into six categories, 
and five are listed in Table vir. Three of 
these categories can be easily compared 
with the categories in our distribution. The 
two categories “upper abdomen" and 
“lower abdomen” result in some ambiguity. 
We have allotted those examinations that 
expose the lower abdomen and the upper 
abdomen to the lower abdominal group 
since the gonads, particularly in the fe- 
males, may be in the direct beam. This 
leaves only gastrointestinal series, gall- 


bladder examinations, and about one-fifth 
of the genitourinary procedures in the upper 
abdominal category. It is in these two 
categories that the larger differences in 
distribution exist. In order to compensate 
for these differences, we have determined 
the distribution and dosage for the five 
categories of examinations as listed in 
Booklet No. 387 in persons under 30 years 
of age in our material. Using the numbers 
of examinations in these categories for 
persons under 30 years in the United States 
(from Booklet No. 38), we have estab- 
lished the ratio of numbers of our examina- 
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Taste VIII 


GONADAL DOSE TO PERSONS UNDER 30 IN U. OF TEXAS SAMPLE WITH EXTRAPOLATION TO THE U. S. POPULATION 


















































| Gonadal Dose in U. of T. Sample(r) | n . à; i 
Examination Section | Sex | Ratio >, Ni;,Di.; Estimated Genetic Dose 
ave £ i ` 4 ` ry. r 1 - t,j,8 Je if a = 
(See Table VII) i "e to U. S. in r (annual) 
| 
Chest | 
exclusive of M 1 19.48 6 Ri 
e 354 4 4 
survey films I: 339 97.21 32,9715 
Lower Abdomen M 361 1,402 | 505 ,962 
| 271 2,519 681,997 
| 
Upper Abdomen M | 872 80.41 20,124 
F 943 124.4 19. 1453 
Extremities M | 754 48.42 36,612 
I 537 10.52 5,647 
Head and Neck 
exclusive of M 279 1.5 034 
dental films | P 316 802 254 
TOTAL 


Number of people in the U. S. under 30 (1960) 90.7 X 10*. 
1,459X 10° mr 
-= 16,1 mr. 





(ee 


90.7 X 108 


tions to those in the entire country. Our 
total weighted gonadal dose was then 
multiplied bv this ratio, giving the weighted 
dose for each of the five groups. The sixth 
group entitled "skin" which contains ap- 
proximately 1.1 per cent of all examina- 
tions has been neglected. It is likely that 
the number of diagnostic procedures in 
this group is somewhat less than 1.1 per 
cent of the total, that they involve areas of 
the body that have a very small gonadal 
dose, and that the total gonadal burden 
would certainly be less than 1 per cent. 
Therefore, failure to consider this group 
would not change the total value more than 
1 per cent. The values obtained from the 
above procedure are listed in Table vit. 
This total represents the summation and 
numerator of equation (2) above. 

The number of expected offspring can be 
estimated from the child expectancy fac- 
tors and the 1960 census giving the dis- 
tribution according to age and sex in the 
population of the United States. This is 


1— age group. 
j= category of examination, 
$- sex. 


found to be 162 X10°. This represents one- 
halt of the denominator in equation (2). 
Solution of the equation gives G— 18 mr, 
which is the annual weighted gonadal dose 
extrapolated to the entire population of the 
United States. 

In order to compare our data with those 
of Laughlin and Pullman,’ Table vin 
shows the summation of all gonadal doses 
given to persons in our sample under 3o 
vears of age with due evaluation to age and 
sex but without the child expectancy fac- 
tor. Using the ratio of the number of our 
examinations to those in the United States 
in persons under 30 as set forth in Booklet 
No. 38,’ we can calculate the dose to each 
person under 30 in the general population. 
This dose, of course, atfects the offspring 
of each person under 30. This is found to be 
I6 mr per year or .§ r per 30 years. 


DISCUSSION 


Our estimate of the annual gonadal dose 
is in close agreement with that of the 
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Adrian Report? (14.1 mr) for the popula- 
tion of the United Kingdom. The larger 
part of this difference 1s easily explained by 
two factors; namely, the greater child ex- 
pectancy and the greater frequency of 
diagnostic roentgenologic procedures in the 
population of the United States. 

On the other hand, our estimate is only 
one-fourth of the dose (72 mr) given by 
diagnostic roentgenologic procedures in 
Sweden according to Larsson.’ A superficial 
inspection of his data suggests that the 
main differences are due to the greater 
frequency of examinations of the lower 
abdomen, such as pyelography, cystog- 
raphy and barium enema studies, and the 
larger average gonadal dose assigned to 
these examinations. In a number of ex- 
aminations,such as pyelography and cystog- 
raphy, the number of films per examina- 
tion seemed somewhat larger than is the 
practice in the United States. 

We regard our estimate of G, the annual 
genetic dose in the United States, as rough 
and probably too low with the possible 
error of minus Ioo per cent. Our distribution 
of roentgenologic procedures was deter- 
mined with a high degree of accuracy, but 
the distribution in the general population 
is still uncertain, particularly as to the type 
of examination which has been grouped in 
the upper and lower abdominal categories 
in Booklet No. 38.7 Also, a more detailed 
comparison of our distribution with that of 
each age group given not only in Booklet 
No. 387 but also with the data of Norwood 
et al.) and Brown ef a]? might have led to 
a more precise evaluation. Furthermore, 
the number of our measurements of gonadal 
dose is too small to merit great confidence. 
More accurate and extensive determina- 
tions of gonadal doses for many roentgeno- 
logic procedures in many radiologic depart- 
ments in the United States are needed. 
This, of course, would require considerably 
more resources than are now available for 
this sort of survey. However, our doses can 
be considered as easily obtainable in a well 
conducted department. Certainly, by 
shielding the gonads, particularly in males 
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and with greater attention to technical de- 
tails, further reductions could be expected. 

Despite the inadequacies of our study, 
we feel that our estimates further confirm 
the impression that diagnostic medical 
roentgenologic procedures contribute con- 
siderably less genetically effective radiation 
than that due to background. It lends 
weight to the impression that a genetic dose 
of one-sixth of background might be ex- 
pected if due attention to technical details 
in the performance of roentgenologic pro- 
cedures is carried out. 


SUMMARY 


Some of the literature regarding the 
assessment of annual genetic dose to the 
general population of the United States, 
United Kingdom, and Sweden, is reviewed. 

All of the roentgenologic procedures per- 
formed in a medium-sized teaching hospital 
at the University of Texas Medical Branch 
over a 24 year period (219,590 examina- 
tions) have been classified according to 
type of examination, age and sex. The 
average gonadal dose delivered during the 
performance of each of these procedures 
has been determined from (1) direct meas- 
urements from ionization chambers placed 
on the scrotum or in the rectum or vagina; 
(2) trom tables relating the gonadal dose to 
skin dose; and (3) by measuring doses ad- 
ministered to phantoms. 

A child expectancy table according to 
age has been constructed, and child ex- 
pectancy has been further weighted in 
order to compensate for fetal irradiation 
during pregnancy. Using all these factors, 
the total genetic radiation administered 
during the performance of all of the ex- 
aminations has been summated. The dis- 
tribution of examinations in the group 
under 30 years of age in the University of 
Texas material has been compared with 
that in the general population as given in 
Booklet No. 387 so as to establish a ratio 
between five categories of examinations. 
Using this ratio and the genetic dose ad- 
ministered in the University of Texas sam- 
ple, the genetic dose for the entire United 
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States population has been estimated and 
has been found to be 18 mr per year. 

Also, the genetic radiation burden ad- 
ministered to persons under 30 years of age 
in the University of Texas sample without 
incorporation of the child expectancy fac- 
tor has been summated for each sex ac- 
cording to the five categories of examina- 
tions as outlined in Booklet No. 38.7 Mul- 
tiplication of these dosages by the appro- 
priate ratio factors and summation of the 
products result in an extrapolated yearly 
genetic radiation burden to the population 
of the U. S. Division of this figure by the 
number of persons under 30 in the U. S. 
vields the yearly average diagnostic x-ray 
gonadal dose to the population of the U. S. 
This was found to be 16 mr. Comparisons 
of our data and methods with those of the 
Swedish, American and English reports are 
briefly made. 


Robert N. Cooley, M.D. 

Department of Radiology 

University of Texas—Medical Branch 
Galveston, Texas 
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PERFORMANCE EVALUATION OF IMAGE 
INTENSIFIER TELEVISION SYSTEMS* 


By ROBERT D. MOSELEY, Jr., M.D,t THURE HOLM, MLL.,t and IRA H. LOW§ 


To introduction in recent years of 
several new instrumental systems for 
diagnostic radiology makes necessary the 
development of more sophisticated methods 
for the performance evaluation of image- 
producing instrumentation. This is particu- 
larly true in relation to image intensification 
and the application of television to fluoros- 
copy. 

Newer methods of evaluating these sys- 
tems have used analytically a function 
known by several names: contrast trans- 
mission factor, contrast transfer function, 
frequency response, sine-wave response and 
others.**9 The term that is presently 
recommended 1s modulation transfer func- 
tion.? 

It may be easier to understand this func- 
tion if an analogy is made to audio systems. 
Audio equipment may be tested by playing 
a record or using a signal generator produc- 
ing a series of sinusoidal tones varying in 
frequency and reading a voltmeter across a 
resistor replacing the voice coil of the 
speaker. The meter readings are plotted 
against the corresponding frequencies to 
give the amplitude response of the system. 

The same thing can be accomplished in 
an image amplifier television system by us- 
ing a test object having lines that vary in 
density sinusoidally. One may utilize, 
without introducing unacceptably great in- 
accuracy at the frequencies which these 
systems are capable of resolving," a square 
wave pattern of sharp lines and spaces such 
as those in the test pattern illustrated: in 
Figure 1. This test pattern consists of a 
plastic protected 5o u thickness of lead into 
which a square wave frequency pattern 


varying from 0.25 to 2.65 equal-width line 
pairs per millimeter is engraved by micro 
manipulation.* 

In the audio case, the frequencies are on 
a time basis, but the mathematical models 
are identical for the spatial case. By using 
the composite video signal from the tele- 
vision camera, the trace resulting from this 
test pattern can be demonstrated on an 
oscilloscope and both qualitative and 
quantitative readings can be made instan- 
taneously of the cumulative results of the 
many variables in these systems. The test 
arrangement {utilizing another method of 
pattern generation) 1s illustrated in Figure 
2. The resulting trace has a roughly sinus- 
oidal form with superimposed quantum 
statistical fluctuation. The maxima and 
minima of this trace, z.e., the amplitude at 
any particular spatial frequency, can be 
translated directly into a modulation trans- 
fer function of the entire composite system. 

A modulation transfer function may be 
derived independently for each component 
in the image amplifier-television system by 
measurement or by mathematical analysis; 
if such functions were independently de- 
rived and added logarithmically, the com- 
posite modulation transfer function of the 
complete system could be developed. The 
method described here allows for the per- 
formance evaluation of a complete system 
(with the exception of the television mon- 
itor and monitor kinescope) by developing 
a composite modulation transfer function 
for the entire system from the composite 
video signal. Comparisons between two dif- 


* Test disks of this or other special designs are available from 
Herr Funk, Optiker, Halbmondstrasse, Erlangen, West Germany. 
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ferent systems or effects of changes in com- 
ponents or alignment of a single svstem can 
be objectively analyzed by this means. 

In order to determine the usefulness and 
accuracy of this method of performance 
evaluation, several different systems were 
measured in this fashion. The 
evaluated are listed in Table 1. 


systems 


TABLE | 


A— Electron optical image intensifier with normal 
scan rate image orthicon television 

B— Electron optical image intensifier with vidicon 
television (60 per cent increase in scan rate) 

C— Electron optical image intensifier with normal 
scan rate vidicon television 

D— Electron optical image intensifier with image 
orthicon television (60 per cent increase in 
scan rate) 

F— Electron optical image intensifier with normal 
scan rate image orthicon television 

9 [mage orthicon television optically coupled to 
fluoroscopic screen (100 per cent increase in 
scan rate) 

G—FElectron optical image intensifier with normal 
scan rate image orthicon television 


liG. 1. Test object consisting of a square-wave pat- 


tern of equal line pairs varying in frequency from 


0.25 to 2.65 line pairs per mm., engraved in lead of 


so u thickness. 


Image Intensifier Television Systems 
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Fic. 2. Test arrangement utilizing DC to 15 mega- 


cycle (Tektronix $55-À) oscilloscope with a wide 
band, high-gain preamplifier (type B). coaxially 
coupled to the video output of the television cam- 
era. Moiré sinus pattern test object in x-ray beam. 


Systems A, E and G (Table 1) are sim- 
ilar in their configuration but utilize dit- 
ferent components and are of different 
manufacture. Performance evaluation of 
these various systems comparatively may 
be made from the oscilloscopic traces of the 
composite modulation transfer function; in 
addition, the effect of alignment of an indi- 
vidual svstem and the change of one com- 
ponent of an individual system may be 
evaluated. 

Figure 3.7 shows the trace resulting from 
the application of this performance evalua- 
tion method to Svstem A. The amplitude 
of the trace at the various frequencies indi- 
cates a point on the modulation transter 
curve at that frequency. The highest fre- 
quency which produces a response may be 
determined by comparing the number ot 
fluctuations with the frequencies of the cor- 
responding square wave test object. The 
thickness of the base line gives a measure 
of random television the total 
amplitude of the trace above this base line 
gives a measure of the signal-to-noise ratio 
of the system. Statistical quantum fluctua- 
tion of the x-ray beam and its influence 
on the cut-off point of the modulation 
transfer curve can be determined bv noting 
the appearance of the signal trace at the 
highest frequencies; the effect of this fac- 


noise: 


MIG. 3. 


tor may be altered in evaluation of an 
individual svstem by changes in the x-ray 
dose rate. 

Figure 3B indicates the effect of poor 
alignment of one of the components of this 
system. In this particular case, the image 
intensifier electron optical focus was put 
out of adjustment in order to produce this 
modulation transfer curve, illustrating the 
effect of poor electron optical focus. Any 
individually acting control in the entire 
system may be optimally adjusted by ob- 
serving the effect of movement of this con- 
trol on the oscilloscopic trace. It should 
be noted that it is not possible to adjust 
controls which are mutually interdependent 
bv this method. For instance, some electron 
optical image intensifers have two de- 
pendent controls for the adjustment of 
electron optical focus; the position of these 
interdependent controls cannot be opti- 
mized bv observation ot the oscilloscopic 
trace alone. The adjustment of the two 
interdependent dv node spot alignment con- 
trols in image orthicon television systems 
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(A) System A with proper image intensifier electron optical focus (3 mr/min. at the image intensifier 
input). (B) System A with defocusing of the image intensifier electron optics. 


similarly must be accomplished by other 
means. But the position of all other adjust- 
ment controls in a system (black level, 
white level, video gain, syne gain, beam 
current, target voltage, multi-focus, cam- 
era focus, image focus, acceleration, de- 
celeration, horizontal and vertical dynamic 
focus, horizontal and vertical parabolic 
shape, and horizontal and vertical saw 
shape) and of electron optical focus 1n svs- 
tems utilizing a single potentiometer mav 
be accomplished by this method. Optical 
focus of the lenses coupling the image in- 
tensifier and television svstem mav also be 
optimized by observation of the oscillo- 
SCOPIC trace. 

Figure 4, 4 and B shows the effect of 
change in x-ray dose level utilizing System 
B. It is obvious that the change from § mr 
/min. at the input of the image intensifier 
(Fig. 44) to 35 mr/min. (Fig. 45) has 
produced considerable improvement in the 
signal-to-noise ratio and some improve- 
ment in resolution as measured bv the 
modulation transfer function but that the 
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Fic. 4. (4) System B modulation transfer function at a dose rate of § mr/min. at the image intensifier input. 
(B) System B at a dose rate of 35 mr/min. at the image intensifier input. 


amplitude response of this system using a 
vidicon does not compare favorably with 
the amplitude of the image 
orthicon system illustrated in Figure 3.4. 


response 


System B also has the potentiality of 


magnification by changing the image in- 
tensifier's electron optical configuration. 
Figure 5, 
switching from regular (Fig. 5.7) to mag- 
nification (Fig. £5) with this system and 
operating at the same dose level. [t is 
obvious that magnification enhances the 
image quality as measured by this method 
but that unless the x-ray dose is increased 
in the magnification mode a poorer signal- 
to-noise ratio results. 

ligure 6 1s the trace from System C show- 
ing a less favorable modulation transfer 
function from the normal scan rate vidicon 
system than from the augmented scan rate 
vidicon system illustrated in Figure 5, / 
and B and demonstrating again the more 
restricted contrast or amplitude response 
of the vidicon as compared to the image 
orthicon systems. 


A and B shows the effect of 


— 


Figure 7 is the result of the application 
of this technique to System D. With the 
augmented scan rate of this and other sys- 
tems evaluated in this series, it was neces- 
sary to alter the triggering of the oscillo- 
scope in order to produce the trace. These 
hgures have, therefore, twice the width 
and twice the amplitude of other traces in 
the series and must have their amplitude re- 
sponse halved in ordered to be directly 
comparable. (Figures obtained in this 
operating mode are designated 2X scale.) 

In this series of evaluations, Svstem D, 
an electron optical image intensifier with 
an augmented scan rate image orthicon 
television camera, produced the most satis- 
factory modulation transfer curve but suf- 
fered slightly from a relatively low signal- 
to-noise ratio even at substantial x-ray dose 
rates in excess of Ioo mr/min. at the 
amplifier face. 

Figure 8 1s a trace produced bv a System 
E configuration in clinical use. It is included 
to illustrate the validity of this performance 
evaluation system in detecting serious 


422 Robert D. Moseley, Jr., Thure Holm and Ira H. Low AUGUST, 1964 





Vic. 5. (4) System B in normal size mode at a dose rate of 5 mr; min. at the image intensifier input. 


/ 


(B) System B in magnification mode at a dose rate of § mr; min. at the image intensifier input. 





tic. 6. System C showing a poor signal-to-noise ratio Fic. 7. System D showing a relatively poor signal- 
and a poor modulation transfer function. to-noise ratio but an excellent modulation transfer 


function (2 X scale). 
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operating difficulties which may be com- 
pensated for clinically by increase in dose 
rate or by acceptance of less than optimum 
image quality or both. The television noise 
indicated in this system 1s at an unaccept- 
ably high level. The signal-to-noise ratio 1s 
poor and the resolution as indicated by the 
modulation transfer function—though bet- 
ter than that of the normal scan vidicon 
systems evaluated—leaves much to be de- 
sired. Fortunately, it is possible to improve 
the performance of this system by proper 
adjustment and alignment. 

Figure g illustrates the performance of 
System F, the only system evaluated in 
this series which does not use an electron 
optical intensifier but achieves 
amplification of the fluoroscopic image by 
television methods alone. The performance 
of this system is quite comparable on the 


image 








Fic. 8. System E demonstrating an unsatisfactorily 
high television random noise level, a poor signal- 
to-noise ratio and a modulation transfer function 
which, unless the x-ray dose was substantially 
increased, would result clinically in the failure to 
perceive small low contrast objects (2Xscale). 


Image Intensifier Television Svstems A2 
= b 4 





Fic. 9. System F showing an excellent signal-to- 
noise ratio but a rather low amplitude sine wave 
pattern at a dose level 10 to 20 times greater than 
that required for a similar modulation transfer 
function in a system using an electron optical 
image intensifier (2X scale). 


basis of this evaluation with those systems 
using intensifers but the dose rate re- 
quired to achieve this performance is 10- 
20 times greater than with the comparable 
systems. 

Figure 10, 4 and 5 shows the perform- 
ance of System G with (Fig. 104) and 
without (Fig. 108) a low ratio grid. That 
the grid has no effect on image quality as 
measured by this method is indicated by 
the identical traces obtained. This illus- 
trates the possibilities which this perform- 
ance evaluation method has for the deter- 
mination of the effects of changes in an 
individual system. Changes in x-ray tube 
focal spot size, geometrical enlargement, 
grids, optical systems, television camera, 
tube types, etc., can be immediately and 
directly correlated with their effect on the 
modulation transfer function determina- 
tion of image quality. 
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Fic. 10. (4) System G. Curve produced using a low-ratio x-ray grid. (B) Curve 
produced without x-ray grid. 


MOIRÉ GRID TEST PATTERN 


Based on the ingenious work of Loh- 
mann? who developed for optical measure- 
ment of the modulation transfer function a 
method of producing sine wave patterns 
of varving frequencies by superimposition 
of two half-tone screen patterns at varying 
angles, a sine wave pattern generator for 
use in an x-ray beam has been developed. 





lG. 11. Device for production of sine wave 
moiré pattern. 


It consists of two very fine-line x-ray grids 
mounted in such a fashion that a reversing 
motor will continuously and regularly 
change the angle between the two grids 
(Fig. 11). This produces a moiré effect 
which has a sine wave pattern increasing 
in frequency as the angle between the two 
grids increases. Such a pattern overcomes 
the minor inaccuracies introduced by the 
use of a square wave pattern and, if the 
pattern is generated bv continuous change 
of angle between the two grids, the in- 
fluence of motion on the resulting modula- 
tion transfer function can be assessed. 
The distance between the generated lines 
(P) in the moiré pattern is given by the 
following expression: 
bea 
2 SII 
2 
where d is the distance between the lines 
in the generating grid and 7 is the rotation 
angle between the grids. 
Motion picture recording of the oscillo- 
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scopic trace allows the same analysis of the 
modulation transfer function as the still 
films used in the analvsis described above 
and, in addition, gives a measure of the 
effect of motion of the test object on the 
modulation transfer function. Utilizing 
such a method, image intensifier tele- 
vision svstems with tube elements such 
as a vidicon, which has inherent response 
lag, can be evaluated and the degeneration 
of the modulation transfer function due to 
measurable object motion can be quantita- 
tivelv evaluated. 


SUMMARY 


Methods for the performance evalua- 
tion of image intensifier-television svstems 
utilizing a modulation transfer function 
derived from the composite video signal 
have been described. The results with a 
stationary square wave test pattern and 
with a moving sine wave test pattern have 
been presented. The method is effective for 
the qualitative and quantitative evaluation 
of different svstems, as well as for the de- 
velopmental analvsis of a single svstem. 
The technique mav also be used to main- 
tain a svstem at optimum performance 
levels. 


Robert D. Moseley, Jr., M.D. 
Department of Radiology 
The University of Chicago 
950 East sgth Street 

Chicago 37, Illinois 


Image Intensifier Television Systems 


425 


It is a pleasure to acknowledge with gratitude 
the kindness of Dr. C. Allen Good of the Mayo 
Clinic, Rochester, Minnesota; of Dr. Fay Squire 
of Presbyterian-St. Luke's Hospital, Chicago, 
Illinois; of Dr. Ernest Olson of the lllinois 
Central Hospital, Chicago, Illinois; and of Dr. 
Bertram Levin of Michael Reese Hospital, 
Chicago, Illinois; and of their associates. Their 
cooperation made possible the evaluation of a 
wide varietv of instruments in clinical use. 


REFERENCES 


I. CorrMAN, J. W. Specification of imaging proper- 
ties by response to sine wave input. 7. Opt. Soc. 
Am., 1964, 44, 468. 

INGLESTAM, E. Nomenklatur für Fourier-Trans- 


formierte von — Lichtverteilungsfunktionen. 
Optik, 1961, 78, 657-6568. 


ty 


. Lonmann, A. Zur Messung des optischen Uber- 
tragungsfaktors. Optik, 1957, 74, 510-518 


, 
-— 


4. Morcan, R. H. Frequency response function: 
valuable means of expressing informational re- 
cording capability of diagnostic x-ray systems. 
AM. J. RoeNTGENOL. Rap. THERAPY & Nu- 
CLEAR MED., 1962, 88, 175-186. 


A 


. OosrERKAMP, W. J., and ALBRECHT, C. Methods 
of evaluating new instrumental systems for 
diagnostic radiology. Medicamundi, 1959, 5, 
73-79. 

6. SADASHIGE, K. Stability criteria for television 
camera tubes. 7. Soc. Mot. Pict. & Television 
Eng., 1962, 77, 419-428. 

7. Wirrmann, F., and Róurtgn, R. Vergleichende 

Messungen der Kontrastübertragungsfunktion 

mit Sinusgittern und Rechteckgittern. Optik, 

1962, 79, 243-249. 


Aucusr, 1964 


THE FREQUENCY RESPONSE CHARACTERISTICS 
OF X-RAY FILMS AND SCREENS* 


By RUSSELL H. MORGAN, LLOYD M. BATES, U. V. GOPALARAO, and ALEX MARINARO 
BALTIMORE, MARYLAND 


VER the years, a number of methods 
have been developed to evaluate the 
detail.recording capability of x-ray sys- 
tems. One of these is a technique in which 
the blurring or unsharpness of the system's 
recorded images is measured. It is carried 
out with the aid of a test-object, one of 
whose edges has been carefully machined so 
as to present a sharp border when placed in 
the x-ray beam. The spread, or unsharp- 
ness, of the resultant image is then observed 
and measured.* In general, ability to record 
detail is poor in those situations where the 
spread is large, and good where it is small. 
Causes of unsharpness in x-ray systems are 
many and include the inherent characteris- 
tics of the recording materials, movement 
of the structure under examination and the 
size of the x-ray tube's focal spot. 

Another method to evaluate x-ray sys- 
tem performance is one which measures the 
system's resolving power. A test-object 
composed of a series of relatively simple 
patterns of graded size is exposed and the 
finest detectable image noted. Wire screens 
and wires wound on mandrils have been 
used as test-objects. Unfortunately, both 
have the failing that the images they pro- 
duce vary in contrast with wire size and 
with the spectral distribution of the expos- 
Ing radiation. Since resolving power values 
are a function of image contrast, data 
obtained with these test-objects are often 
difficult to evaluate. À more sophisticated 
method of measuring resolving power, and 
a method in which image contrast is well 
controlled, has been described by Van 
Allen and Morgan.® A slit mechanism is 
used to create on the film or screen under 
test a series of lines and spaces of graded 


fineness. The greatest number of lines per 
millimeter which can just be distinguished 
by an observer is then defined as the resolv- 
ing power of the system. 

A third method of measuring x-ray sys- 
tem performance employs a test-object in 
which a series of holes of varying diameter 
and depth have been drilled in sheet metal 
or plastic of appropriate thickness. When 
exposed, this test-object produces on the 
screen or film under test a series of dots of 
varying size and contrast. The x-ray system 
is then evaluated on the basis of the small- 
est dot which may be perceived at each of 
the contrast levels. 

The usefulness of the foregoing methods 
of testing has been limited and, in many 
respects, disappointing. The reasons for 
this are many but one of the principal ones 
relates to the fact that none possesses the 
characteristics which permit a radiologist 
to evaluate an x-ray system systematically 
component by component, and then to 
determine the conditions under which the 
system should be operated to yield a 
maximum of diagnostic information. As 
Rossmann! has recently pointed out, new 
methods of testing are needed if this objec- 
tive is to be attained. 


THE FREQUENCY RESPONSE METHOD OF 
EVALUATING THE PERFORMANCE OF 
FLUOROSCOPIC AND RADIOGRAPHIC SYSTEMS 


Like all visible images, those observed 
during fluoroscopy and radiography consist 
of patterns of varying light intensity. Fig- 
ure I is a plot of the relative light intensity 
prevailing from point to point within a 
fluoroscopic image produced by a series of 
alternating aluminum and plastic bars. The 


* From the Department of Radiological Science, The Johns Hopkins University, Baltimore, Maryland. 
The work described in this paper was supported in part by Research Contract SAph 76496, Division of Radiological Health, U. S. 
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tracings of more complicated structures, 
such as anatomical components, are, of 
course, more complex. 

It may be shown by the Fourier analysis, 
that regardless of complexity, a tracing of 
the type shown in Figure 1 may be dupli- 
cated by the sum of a series of sine waves of 
differing frequency, amplitude and phase. 
That is, x-ray images may be considered 
from an analytical standpoint as composites 
of sinusoidal patterns. To illustrate this, let 
us imagine for a moment a fluoroscopic 
screen on which is displayed a series of bar 
patterns whose brightness varies sinusol- 
dally from point to point across them. Let us 
further imagine that the spatial frequency 
and brightness amplitude of each corre- 
spond to one of the frequency-amplitude 
groupings listed in Table 1, with all of the 
groupings being represented once in the 
series. Now if the several patterns are 
superimposed on each other in phase, one 
will find that the composite image is iden- 
tical in appearance to that of the alumi- 
num-plastic strips whose brightness data 
are shown in Figure 1. 


TADLE I 


VALUES OF Q, A AND B CORRESPOND TO THOSE 
SHOWN IN FIGURE I 





Brightness Amplitude 
(peak-to-peak) 


Pattern Frequency 
(cyles per mm.) 





O B+A/2 
L/a 1.97 

3/a 1.27A/3 
Sa 1.27A/5 
7/a 1.27A/7 
9 a 1.27À/9 





The foregoing suggests that the detail- 
recording capability of an x-ray system 
may be evaluated well with a test-object 
whose x-ray transmission varies sinusol- 
dally with known frequency and amplitude 
from point to point across it. Through the 
use of a series of such test-objects, covering 
an appropriate range of frequencies (de- 


The Frequency Response 4 
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Fro. 1. Relative light intensity prevailing across a 
fluoroscopic image produced by alternating alu- 
minum and plastic bars. 


grees of fineness), an appraisal of system 
performance should be possible from a com- 
parison of the characteristics of the re- 
corded images with those of the test-ob- 
jects. 

A test-object of the type just described is 
illustrated diagrammatically in Figure 2. It 
produces a fluoroscopic or radiographic 
pattern of black and white bars with indis- 
tinct borders (Fig. 3). 

The Ideal X-ray System. From the 
standpoint of detail-recording capability, 
an ideal x-ray system is one which repro- 
duces the images emerging from the struc- 
ture under examination without loss of 
informational content. Since these images 
are sine-wave composites in which each 
component’s amplitude and phase bear 
well-defined relationships to those of the 
other components, it 1s evident that an 
ideal svstem must have a uniform sine-wave 
amplitude response across the entire fre- 
quency spectrum. That is, when the system 
is examined with a series of sinusoidal test- 
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Fic. 2. Schematic diagram of test-object whose 
transmission varies sinusoidally across it. 





Frc. 3. Radiograph produced by a sinusoidal test- 
object similar to that illustrated in Figure 2. 


objects, all having identical x-ray transmis- 
sion amplitudes, the differences in bright- 
ness between the dark and light portions of 
each recorded bar pattern must be the same 
as all others, regardless of test-object fre- 
quency. Furthermore, the frequency con- 
tent of the x-ray and recorded images must 
be identical. Finally, the system must re- 
cord all sinusoidal components without 
alteration of their relative phase relation- 
ships. Failure of a system to meet any of 
these criteria causes loss of information and 
deterioration of detail-recording capability. 

Amplitude Distortion. When the sine- 
wave amplitude response of an x-ray sys- 
tem is not the same at all frequencies, 
amplitude distortion is said to be present. 
Such distortion occurs in all x-ray systems, 
usually at the upper end of the frequency 
spectrum. At lower frequencies, the am- 
plitude of the recorded image’s light inten- 
sity usually corresponds quite well to the 
amplitude of the x-ray intensity trans- 
mitted by the test-object. However, as fre- 
quency increases and the resultant bar pat- 
tern becomes finer, image amplitude di- 
minishes until ultimately a frequency is 
reached where the pattern is no longer 
reproduced. 

Amplitude distortion is due to manv 
factors including the graininess of films and 
screens, focal spot size and anatomical 
motion. À system whose amplitude re- 
sponse deteriorates only at very high fre- 
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quencies will record structural detail with 
greater fidelity than a system whose am- 
plitude response fails at lower frequencies. 
The amplitude response of a typical radio- 
graphic film exposed with intensifying 
screens 1s shown graphically in Figure 4. 
The gradual loss of response above 1 cycle 
per mm. indicates increasing difficulty in 
the film’s ability to record structures less 
than 1 mm. in diameter. 

Harmonic Distortion. Harmonic distor- 
tion reters to the phenomenon in which 
certa: n frequencies not present in the x-ray 
image appear in the recorded image. These 
frequencies are harmonics of the fundamen- 
tal frequencies and are due to the presence 
in the x-ray system of a component or com- 
ponents whose response is not linear to the 
exciting radiation. N-rav films characteris- 
tically generate harmonic distortion since 
the transmitted light of an exposed and 
processed film is quite non-linear with re- 
spect to the intensity of the film's exposing 
radiation (Fig. 5). In general, the amount 
of harmonic distortion diminishes as signal 
amplitude decreases; 7.e., when object con- 
trast becomes small. This is because the 
response of any physical system approaches 
linearity at small signal levels. 

Phase Distortion. As previously indi- 
cated, the phase relationships of the sinus- 
oidal components of a recorded image 
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Frc. 4. Sine-wave amplitude response of a typical 
x-ray film-screen combination. 
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must correspond precisely to those of the 
structure producing it if image quality 1s to 
be maintained. A system which fails to 
meet this requirement exhibits phase dis- 
tortion, a phenomenon which contributes 
to smearing or blurring of image bounda- 
ries. In simple fluoroscopic and radiographic 
systems, phase distortion does not occur. It 
mav be observed, however, under some 
circumstances in systems which include 
photographic lenses, image amplifiers and 
television equipment. 

It will be clear from the foregoing that 
much information concerning the detail- 
recording capability of an x-ray system can 
be gained from measurements of the sys- 
tem’s sine-wave response characteristics; 
i.e., amplitude response, harmonic content 
and phase distortion. It should also be 
pointed out that when such measurements 
are carried out on each of a system's 
several components, over-all svstem per- 
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RELATIVE EXPOSURE 


lic. s. Relationship between the light transmission 
of an exposed and processed radiographic film and 
the intensity of the exposing radiation. 
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lic. 6. Dot pattern produced by two superimposed 
test-objects of type illustrated in Figure 2. Test- 
objects have been placed at right angles to each 
other. 


formance may be determined from a rela- 
tively simple treatment of individual com- 
ponent data. This is quite in contrast to the 
situation prevailing when measurements 
are made of the system’s resolving power, 
unsharpness or dot-contrast response. 
Although the frequency response method 
of evaluating x-ray performance appears 
quite attractive from several viewpoints, 1t 
may be argued by some that the x-ray 
images encountered in radiologic practice 
are not composed of alternating light and 
dark bars but consist of large numbers of 
small, dot-like each differing. in 
brightness from its neighbors. Hence, a 
method which tests x-rav performance with 
sinusoidal bar patterns may yield data 
which are something less than satisfactory. 
However, it is interesting to observe that 
when two test-objects of the type shown in 
Figure 2 are superimposed at right angles to 


areas, 
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Fic. 7. Line spread-function produced by exposure 
of a radiographic film through narrow slit system. 


each other, a dot pattern is produced 
(Fig. 6). Thus, dot and bar patterns are 
not basically dissimilar. 

It is also perhaps noteworthy that sinus- 
oidal signals of variable frequency have 
long been used to measure the recording 
fidelity of communications equipment. It is 
only in recent years that the principle has 
been applied to the testing of optical 
apparatus. As suitable techniques are de- 
veloped, it is likely that the method will be 
adopted widely in radiology as well. 

In a recent paper, the frequency response 
characteristics of x-ray tube focal spots and 
of anatomical motion were examined.’ 
Since these x-ray system components do 
not normally introduce harmonic or phase 
distortion, attention was focused on their 
amplitude response characteristics and on 
the derivation of formulas from which these 
characteristics may be determined for 
various values of focal spot size and ana- 
tomical movement. The remainder of this 
paper will be devoted to a discussion of the 
amplitude response characteristics of x-ray 
films and screens. 
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SINE-WAVE AMPLITUDE RESPONSE 
CHARACTERISTICS OF X-RAY 
FILMS AND SCREENS 


The most important factor !imiting the 
detail-recording capabilities of x-ray films 
and screens is amplitude distortion. Phase 
distortion is not observed with these mate- 
rials. Also, intensifying and fluoroscopic 
screens inherently exhibit no harmonic dis- 
tortion since their light emission is propor- 
tional to x-ray intensity. 

As previously pointed out, x-ray films 
introduce harmonic distortion at all but 
low contrast levels due to the non-linear 
relationship existing between the light 
transmission of an exposed and processed 
film and the film’s exposure. Such distortion 
under most conditions, however, has rela- 
tively little impact on image clarity. In- 
deed, it has its principal significance for 
those concerned with the collection of sine- 
wave amplitude response data because such 
data are not valid when measured in the 
presence of harmonic distortion. 

The sine-wave amplitude response of 
x-ray films and screens may be measured 
with a series of sinusoidal test-objects 
similar to that shown in Figure 2. However, 
because such test-objects are difficult to 
construct other methods of measurement 
may be found more satisfactory. The 
method which we have adopted in this 
laboratory is one in which the exposing 
radiation is passed through a narrow slit 
system before it is allowed to fall on the 
film or film-screen combination under test. 
This produces in the film a linear image 
whose density, when measured from point 
to point across the film by an appropriate 
microdensitometer, rises and falls in the 
manner shown in Figure 7. From this 
curve, or linear spread-function as it is 
called, the desired amplitude response may 
be calculated. 

To illustrate the use of the spread-func- 
tion, let us consider the radiographic sys- 
tem shown in Figure 8, where T is the focal 
spot of an x-ray tube, $1, $4 and F are a 
pair of intensifying screens and a radio- 
graphic film respectively, and O is a test- 
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object whose x-ray transmission, G(x), 
varies trom point to point in accordance 
with the equation 


G(x) = bo d hi COS 2mf(x — Xo), (1) 


where 2, is the mean transmission of the 
object, 4: is one-half the peak-to-peak 
transmission amplitude, / is the spatial 
frequency of the object in lines or cycles per 
unit distance and x, is the lateral displace- 
ment of the object relative to a point, 
P(x-—0) in the film; in this relationship 


(1 -— by) is bo > hi. 


Also included in the x-rav svstem, is the 
slit mechanism, M, located between the 
test-object and the film-screen combina- 
tion. The jaws of this system are radio- 
paque and are separated a distance, Ax. 

From an examination of Figure 8, it will 
be clear that when the x-ray tube is ener- 
gized, the quantity of light emitted by the 
intensifying screens and received in the 
flm at P(x=0) will be the same whether 
the film-screen combination is exposed all 
at once without the slit mechanism in place 
or 1s exposed ¢Arough the mechanism by a 
series of identical exposures with the mech- 
anism systematically moved a distance, Ax, 
after each exposure, until the whole film 
is exposed. Now, the quantity of light re- 
ceived at P(x-o) during each of these 
incremental exposures will be proportional 
to the product of (a) the transmission of the 
test-object immediately above the slit, (b) 
the width of the slit, Ax, and (c) the value 
at P(x—0) of the spread-function generated 
by the slit. Because the spread-functions of 
fluorescent screens are characteristically 
symmetrical, this function's value is iden- 
tical to that which would be observed in the 
film at point, P(x’), if the slit were centered 
over P(x—0). Hence, the quantity of light 
received at P(x-0) during each incre- 
mental exposure is 


AF pir=0) == c: F(x) 


s [oo 4 hi COS 2mf(x == Xo) | "AX, (2) 
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Fic. 8. Schematic diagram of radiographic system 
which includes the sinusoidal test-object, O, and 
the slit system, M. 


where F(x) is the film-screen combination’s 
spread-function generated by a slit of 
width, Ax, and centered at x20, c is a 
constant and ġo, A, f and x, are as in equa- 
tion I. 

When the width of a slit mechanism 1s 
reduced below a certain value,the configura- 
tion of the spread-function it generates in a 
given film-screen combination is essentially 
unaffected by further changes in slit width. 
Therefore, the total quantity of light, 
Ep(-», received at P(x—0) from the sum 
of all the incremental exposures made 
through the slit mechanism, is given bv the 
equation 


E ps0) 


n J «o» [bo + ài cos 2rf(x — xo) | dx, (3) 
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Fic. 9. Three types of symmetrical spread-functions 
encountered in photographic and radiologic practice. 


where f(x) is the film-screen combination’s 
narrow-slit spread-function centered at 
P(x=0). 

With reference again to Figure 8, it will be 
observed that the quantity of light at 
P(x-0) is maximal when the position of 
the test-object is such that xs— o, for under 
this circumstance, the region of maximal 
test-object transmission is directly above 
P(x —0); hence, 


Err = 6° aw. [2s + cos 2xfx]- dx. (4) 
Similarly, the quantity of light at P(x=0) 
is minimal when xo—1/(2/), because now 


the region of minimum test-object trans- 
mission is directly above P(x =o); that is, 


Emin =c: fao [hbo+ cos (2x/x— «)]- dx. (5) 

The difference between equations 4 and § 
is clearly the peak-to-peak amplitude of the 
light prevailing from point to point in the 
film. This amplitude may be expressed by 


the equation, 


d mc f 95 cos 2x dx 


— c Í P(x) -hı cos (2rfx — x)-dx. (6) 


But cos (2zfx —T) = —cos 21/x; hence 
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A = 22h, J P(x) cos 2xfx- dx. (7) 

Now, when the value of 4 is small, the 
corresponding peak-to-peak amplitude of 
the light transmission, exhibited by the film 
after processing, is proportional to 4; 
that is, 

Ay = ef B(x) -cos 2xfx- dx, (8) 
where 4, is the peak-to-peak amplitude of 
the film’s transmission and & is a constant. 

Equation 8 represents the low-contrast 
amplitude response of an x-ray film-screen 
combination when a sinusoidal test-object 
of frequency, f, is radiographed. Values of 
Ay are usually maximal when f=o. It is 
therefore often convenient to normalize 
amplitude response values to this frequency 
by the equation 


f (x) -cos 2x/x- dx 


ES dx 


Equation 9 permits one to determine the 
relative sine-wave amplitude response of a 
film-screen combination from spread-func- 
tion data without the use of sinusoidal test- 
objects. Since spread-function data may be 
obtained rather easily, the method is quite 
valuable. It will be recognized that the 
computations which must be carried out in 
the solution of equation g may be quite 
tedious if performed manually. Modern 
computers, however, avoid this problem. 

The Influence of Spread-function Con- 
figuration on Sine-wave Amplitude Re- 
sponse. Before discussion is directed to 
methods of measuring radiographic and 
fluoroscopic spread-functions, it may be of 
some interest to illustrate qualitatively the 
manner in which the configuration of a 
spread-function affects the relative sine- 
wave amplitude response of an optical 
device. In Figure 9 are shown three sym- 
metrical spread functions typical of some 
radiologic and photographic materials. 


Ao (9) 
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Curve A is a bell-shaped configuration 
often seen in fluoroscopic screens; curve B 
represents a more exaggerated form fre- 
quently observed in radiographic film- 
screen combinations; curve C is a type 
generated by some photographic films. It 
will be noted that the limbs of the last 
function descend below or “overshoot” the 
base before becoming asymptotic to it, a 
characteristic found in films which exhibit 
the so-called Eberhard effect.! The relative 
sine-wave amplitude response functions 
produced bv these three spread-functions 
are illustrated in Figure ro. It will be ob- 
served that curve A of Figure g yields an 
amplitude response that descends at lower 
frequencies than curves B and C. Also, its 
rate of descent is steeper than that of the 
response generated bv curve B. The re- 
sponse produced by the spread-function 
with overshoot at first rises as frequency 
increases and falls only at relatively high 
frequencies. When descent finally takes 
place, it 1s quite rapid. 

Symmetrical spread-functions generate 
no phase distortion. Such, however, is not 
the case with asymmetrical functions. 
Figure 11 illustrates an asymmetrical 
spread-function of the type sometimes pro- 
duced by lenses, image amplifiers and 
television equipment. The amplitude re- 
sponse curve generated by this function is 
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FiG. 10. Sine-wave amplitude response curves 
generated by spread-functions shown in Figure 9. 
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lic. 11. Asymmetrical spread-function. 


shown in curve A of Figure 12. Curve B 
depicts the associated phase displacement 
of the recorded images. Since this displace- 
ment is not constant, phase distortion 
occurs and image boundaries are exces- 
sively blurred. 

Curves A, B and C of Figure 10 and 
curve A of Figure 12 are properly called 
relative sine-wave amplitude response func- 
tions. They are precisely analogous to the 
relative sine-wave amplitude response func- 
tions of the electronics and communications 
sciences. Often the terms "relative" and 
"sine-wave" are omitted for simplicity but 
the fact that these functions are normalized 
to some specific frequency should not be 
forgotten. The relative sine-wave amplitude 

















< D 
T- = 
z és 
2 z 
o uJ 
s m 
= O 
w «4 
oO = 
=) a 
E o 
J O 
a 
= uJ 
E | 00 
(X 
c5 
= | bch 
oi. — -- 


LOG FREQUENCY 


lic. 12. Sine-wave amplitude response (A) and 
phase displacement (B) generated by spread- 
function shown in Figure 11. 
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DISTANCE ACROSS IMAGE 


Frio. 15. Narrow-slit spread-function of radiographic 
film exposed with intensifying screens. Shaded 
portion is produced by direct x-ray exposure re- 
ceived by the film. 


response function is often referred to in 
optics as the modulation transfer function, 
a term which is especially appropriate for 
use in this field. 

The Measurement of X-ray Spread-func- 
tions. When the measurement of an x-ray 
material's spread-function is undertaken, 
several precautions must be observed if the 
resultant data are to be valid. First, the slit 
system must be sufficiently narrow that the 
spread-function it generates is essentially 
identical to that produced by an infinitely 
narrow slit." For radiographic films exposed 
with intensifying screens, slit width must 
be unusually narrow. This is because some 
(about 2 per cent) of the radiographic effect 
is produced by direct x-ray exposure of the 
flm. Although this effect 1s small, the 
film's spread-function will not exhibit its 
proper narrow-slit configuration unless the 
width of the slit mechanism is substantially 
narrower than the spread-function gener- 
ated by a film exposed to x-rays alone; f.e., 
less than about 10 microns. When this re- 
quirement is met, the spread-function 
appears as in Figure 13. It will be seen that 
this function is similar to that illustrated in 
curve B, Figure 9, except that the apex of 
the curve is extended upward by a narrow 
projection, the area of which 1s equal to the 
area under the remainder of the spread- 
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function, multiplied by the fraction of the 
radiographic effect due to direct x-ray 
exposure. The amplitude response functions 
obtained with and without a slit sufficient 
to detect the influence of direct x-ray ex- 
posure are shown in Figure 14. Although 
the difference in the curves 1s not great, it 
may on occasion be of some importance and 
hence, if possible, the spread-functions of 
radiographic film-screen combinations 
should be taken with slit mechanisms 10 
microns wide or less. 

Another precaution which should be 
taken in the preparation of spread-function 
data is the use of a microdensitometer 
whose optical slit system is at least as 
narrow as the x-ray slit mechanism. Also, 
since the relationship between the light 
transmission of an exposed and processed 
x-ray film and its exposure is quite non- 
linear, data generated by the microdensi- 
tometer must be corrected to conditions of 
linearity. In order that these corrections 
may be small, film-screen combinations 
should be given a small pre-exposure suffi- 
cient to cause them to exhibit a general 
background density of about 0.5 above fog. 
By the use of a microdensitometer which 
records in units of density, the data gener- 
ated by the instrument under these circum- 
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Fic. 14. Sine-wave amplitude response curves gen- 
erated by spread-function shown in Figure 14; 
curve A, with shaded portions of spread-function 
missing; curve B, with shaded portion present. 
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stances become closely proportional to the 
exposure received by the film (Fig. 15). 

Figure 16 illustrates the apparatus, de- 
veloped in this laboratory, for the deter- 
mination of the spread-functions of x-ray 
films and screens currently available in 
diagnostic radiology. The equipment con- 
sists basically of a carefully machined slit- 
mechanism, constructed of heavy-met, 
untapered Jaws, 1.5 mm. in thickness. The 
jaws are adjustable by a precision mi- 
crometer to provide separations ranging 
from 2.5 to $00 microns. The slit-mecha- 
nism is mounted on a small machinist's 
rotary table with which the slit may be 
aligned with the x-ray beam. A photo- 
multiplier-crystal radiation detector is posi- 
tioned behind the slit to determine when 
proper alignment has been achieved. Im- 
mediately behind the slit mechanism 1s a 
receptacle in which a cassette holding the 
film-screen combination under test 1s 
placed. As shown in Figure 17, the entire 
mechanism is mounted on a precision 
optical bench with an x-ray tube having a 
r.o mm. focal spot. Separation of x-ray tube 
and slit mechanism is adjustable from o.§ 
to 3.0 meters. 

The following example illustrates the use 
of the apparatus in the derivation of a film- 
screen combination's spread-function. The 
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Fic. 15. Relationship between film density and 
radiation exposure in a typical radiographic film- 
screen combination. 
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Fic. 16. Slit mechanism used in the determination 
of x-ray spread-functions. 


slit mechanism is first adjusted to a width 
of 10 microns and then aligned with the 
x-ray beam by rotation of its mounting 
table until the radiation detector’s reading 
is maximal. Next, the film-screen combina- 
tion is given an over-all pre-exposure great 
enough to produce in the processed film a 
uniform density of 0.5 to 0.7 above fog. The 
combination then is placed behind the slit 
mechanism and a series of six or seven 
exposures made. After each exposure, the 
film is moved a few millimeters to separate 
the several images; also the x-ray intensity 
is increased in equal steps throughout the 
series, with the greatest intensity being 
sufficient to produce a maximum image 
density of about 2.0 above fog. When the 
exposures are completed, the film is proc- 
essed and the point-to-point density, pre- 
vailing across each of the images, is meas- 
ured with a recording microdensitometer. 





Fig. 17. Relationship of slit mechanism to x-ray tube. 
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Fig. 18. Sine-wave amplitude response characteris- 
tics of three typical intensifying screens. (4) 
High-speed type; (B) mid-speed type; (C) high- 
definition type. 


The microdensitometer tracing of any 
one of the images, when corrected tor non- 


Morgan, Bates, GopalaRao and Marinaro 


AUGUST, 1964 


linearity of the film’s density-exposure re- 
sponse, represents the film-screen combina- 
tion’s spread function. The extent of the 
film's non-linearity and the magnitude of 
the corrections to be applied to any given 
tracing may be determined from the rela- 
tionship obtained when the maximum 
densities of the several images are plotted 
against their corresponding intensities. 

Characteristics of Radiographic l'ilm-screen 
Combinations. During the past year, this 
laboratory has investigated the sine-wave 
amplitude response characteristics of many 
of the currently available intensifying 
screens. All of the screens studied exhibit 
increasing amplitude distortion as image 
frequency rises. In general, high-speed 
screens demonstrate this property at lower 
frequencies than mid-speed screens, and the 
latter at lower frequencies than high-defini- 
tion screens. These relationships are well 
shown in Figure 18 where the characteristics 
of screens typical of each of the three cate- 
gories are illustrated. 

The reproducibility of the spread-func- 
tion method in generating amplitude re- 
sponse data is illustrated in Figure 1:9. 
These data were obtained when a single 
pair of Du Pont Par Speed screens, exposed 
in combination with #508 film, was sub- 
jected to ten independent measurements 
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lic. 19. Reproducibility of spread-function method 
in derivation of amplitude response data. Values 
were obtained from study of a single set of Du Pont 
Par Speed screens, subjected to ten independent 
measurements of its amplitude response function. 
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of its amplitude response characteristics. 
It will be observed that although there is 
some spread of the data, the reproducibil- 
ity of the method is reasonably good, 
especially above the 10 per cent amplitude 
response level. 

Studies have also been undertaken to 
determine the variation in the amplitude 
response data arising when different sam- 
ples of a given tvpe of intensifving screen 
are measured. Ten pairs of Du Pont Par 
Speed screens, obtained from the open 
market, were exposed in combination with 
#508 film and their amplitude response 
characteristics determined (Fig. 20). It 
will be clear that the variation in these 
data is similar to that shown in Figure 19 
when a single pair of screens was subjected 
to ten independent measurements. Hence, 
for this type of screen at least, any varia- 
tion which may exist in its amplitude re- 
sponse characteristics is so small that it is 
undetectable by the method of measure- 
ment. 

The data presented in Figures 18, 19 and 
20 were obtained with an x-ray beam hav- 
ing a half-value layer of 3.0 mm. Al. Since 
amplitude response data may be affected 
by radiation qualitv, the same film-screen 
combination, from which the data shown in 
Figure 19 were derived, was subjected to a 
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Fic. 20. Data from similar experiment to that used 
in the preparation of Figure 19 except that values 
were obtained from study of ten sets of Par 
Speed screens. 
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Fic. 21. Effect of radiation quality on sine-wave 
amplitude response of Du Pont Par Speed in- 
tensifying screens. Closed circles: half-value layer 
3.0 mm. Al; open circles: half-value layer 1.0 
mm. Al. 


series of ten independent measurements of 
its amplitude response function with radia- 
tion having a half-value layer of 1.0 mm. 
A]. The mean of the resultant data is shown 
bv the open circles in Figure 21. For com- 
parison, the mean of the data illustrated in 
Figure 19 is depicted by the closed circles. 
It will be observed that within the range of 
radiation quality used in diagnostic radiol- 
ogy, the effect of quality on an intensifying 
screen's amplitude response function is 
small. This agrees well with data published 
by Oosterkamp and Albrecht.* 

fluoroscopic and  Photofluorographic 
Screens. The spread-function method may 
be used to derive the amplitude response 
characteristics of fluoroscopic and photo- 
fluorographic screens. However, since many 
of these screens emit light in the vellow- 
green portion of the spectrum, the spread- 
function data must be recorded on film 
sensitive to a broader range of wave- 
lengths than x-ray film. Also, since these 
screens are normally used in a way in which 
the recording medium, whether it be the 
retinae of an observer's eyes or a photo- 
fluorographic film, is unaffected by the x- 
radiation which passes through the screens 
unabsorbed, the spread-function data must 
be collected under conditions in which the 
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Fic. 22. Sine-wave amplitude response characteris- 
tics of (4) typical fluoroscopic screen and (B) 
typical photofluorographic screen. 


effects of direct x-ray exposure on the 
recording film are suppressed. This requires 
that the x-ray slit mechanism be opened to 
a width of about roo microns. Since the 
spread-functions of fluoroscopic and photo- 
Huorographic screens are several hundred 
microns wide at their $0 per cent intensity 
levels, a slit system of this width does not 
introduce important error in spread-func- 
tion measurement. 

The relative sine-wave amplitude re- 
sponse functions of typical fluoroscopic and 
photofluorographic screens are shown in 
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Figure 22. These functions were derived 
from spread-function data recorded on 
cine fluorographic film, exposed in direct 
apposition to the several screens. The 
halt-value layer of the exposing radiation 
was 3.0 mm. of Al. As will be seen, the 
amplitude response characteristics of these 
materials are substantially poorer than 
those of intensifying screens. 

X-ray Films Exposed without Intensify- 
ing Screens. When the amplitude response 
characteristics of x-ray films exposed with- 
out intensifying screens are to be measured, 
very narrow slit systems must be used in 
the preparation of the spread-function data. 
Films currently available to the radiologist 
exhibit functions ranging in width from 10 
to 30 microns at their 50 per cent intensity 
levels. Hence, even when the slit mecha- 
nism is reduced to § microns, some correc- 
tion of the microdensitometric data for 
excessive slit width must be made in the 
case of high resolution films. Since x-ray 
films exposed without screens exhibit no 
photographic inertia, it 1s unnecessary to 
give them a general pre-exposure, before 
their slit-system exposures are made. Other- 
wise, however, the spread-function data are 
prepared in the same manner as that de- 
scribed for film-screen combinations. 
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Fic. 23. Sine-wave amplitude response characteris- 
tics of a typical radiographic film exposed with- 
out intensifying screens. 
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The amplitude response characteristics 
of a typical radiographic film exposed with- 
out intensifying screens is shown in Figure 
23. The halt-value layer of the radiation, 
used in the preparation of these data was 
again 3.0 mm. Al. All films were processed 
in Kodak x-ray developer for 3 minutes at 
68° F. 

DISCUSSION 

The sine-wave amplitude response data, 
given in the preceding section, provide a 
measure of the detail-recording capabilities 
of many of the x-ray films and screens cur- 
rently available in the United States. It will 
be observed that fluoroscopic and photo- 
fluorographic screens have the poorest am- 
plitude response and therefore may be ex- 
pected to exhibit less detail and to record 
less diagnostic information than other x-ray 
recording materials. The characteristics of 
intensifying screens are several times better 
than those of their fluoroscopic counter- 
parts, with the greatest improvement being 
shown by screens of the so-called high- 
definition type. Films exposed without in- 
tensifying screens demonstrate the best 
detail-recording characteristics; their per- 
formance is not far removed from that of 
many photographic films exposed to light. 

In general, the amplitude response of an 
x-ray film or screen bears an inverse rela- 
tionship to its speed or brightness. As a 
result, the most suitable film or screen for a 
particular application is not necessarily the 
one with the best detail-recording ability. 
Patient dose and other considerations may 
make it desirable to use a film or screen 
with less than maximum amplitude re- 
sponse in order that advantage may be 
taken of the material's greater sensitivity. 

Although frequency response methods 
have been used only recentlv in the field of 
radiology, they may be expected to receive 
increasingly greater application as time 
goes on. Amplitude response data provide 
substantially more information concerning 
the detail-recording capability of an x-ray 
system than do measurements of resolving 
power and unsharpness. Also, from an 
operational standpoint they are immeas- 
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urably more flexible. For example, when 
amplitude response data are available on 
each of the components of an x-ray system, 
the data may be readily combined to give a 
composite amplitude response function for 
the system as a whole simply by multiply- 
ing together the amplitude response values 
of the several components, point by point 
across the frequency spectrum. 

Another valuable characteristic of the 
amplitude response function relates to the 
fact that it is dimensionally of a form which 
allows it to be used with contrast and 
quantum data to obtain a measure of the 
informational content of radiographic and 
fluoroscopic images. This characteristic 
makes possible the solution of a broad 
range of problems in diagnostic physics 
heretofore approachable only by long and 
tedious experimental trial. 

To receive the full benefits of the fre- 
quency response method, the radiologist 
will require amplitude response data on 
each of the many components of the x-ray 
systems he uses. The work described in this 
paper constitutes part of a continuing 
ettort to provide these data as rapidly as 
possible. 


SUMMARY 


The sine-wave amplitude response char- 
acteristics of many of the intensifying, 
fluoroscopic and photofluorographic screens 
and radiographic films available to the 
radiologist in the United States have been 
presented. The technique used in the deri- 
vation of these data is the so-called spread- 
function method. An analvsis of the method, 
together with data on its reproducibility in 
this laboratorv, is included in the paper. 
Discussion is also directed to the signifi- 
cance of the amplitude response function in 
the solution of problems relating to the 
informational content of x-ray images. 
Russell H. Morgan 
Department of Radiological Science 
The Johns Hopkins Medical Institutions 
615 N. Wolf Street 
Baltimore, Maryland 21205 
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AXIAL TRANSVERSE ENCEPHALOGRAPHY* 


By GIOVANNI DI CHIRO, M.D. 


BETHESDA, MARYLAND 


F WE follow the development of the 

neuroradiologic procedures, we may note 
that a shift of emphasis has been taking 
place in recent vears with greater atten- 
tion being devoted to the angiographic 
studies. It is my impression that pneumo- 
encephalography has been losing favor and 
popularity. In addition, those who prefer 
"dense" shadows have been injecting, more 
and more freely, pantopaque into the 
cranial cerebrospinal fluid pathways. Re- 
cently, conray has been added to the list 
of compounds which have been used for the 
so-called ‘‘positive ventriculography.” 

Apart from the vascular pathology, 
pneumoencephalography remains, in my 
opinion, the best neuroradiologic examina- 
tion for most craniocerebral problems. It 
is a reliable, accurate and relatively in- 
nocuous procedure. I cannot agree with 





Principle of axial transverse 
encephalography 196. 


FIG. 1. 





liG. 2. Air being injected. The level of the 
laminagraphic cut is being determined. 


those who state that the zenith in the 
development of pneumoencephalography 
has been reached. With ingenuity and in- 
dustry, a great deal can still be done to 
demonstrate the fine details of the brain 
anatomy with air. With the tremendous ad- 
vances made in the field of neurophysiology, 
comparatively small neurologic structures 
have acquired new importance. The radi- 
ologist is challenged to demonstrate the 
normal and pathologic morphology of these 
structures. This goal can be attained better 
with air than with any other medium. The 
adjunction of laminagraphy represents the 
most promising avenue to further advance 
the air studies. 

In 1961, a new pneumoencephalographic 
technique, the axial transverse encephalog- 
raphy 1961,? was reported. The purpose of 
this technique was to show the intracranial 
structures in a different plane, as seen “from 
above." With conventional laminagraphic 
equipment, axial transverse cuts of the 


* From the Section on Neuroradiology, Medical Neurology Branch, National Institute of Neurological Diseases and Blindness, 


National Institutes of Health, Bethesda, Maryland. 
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Fic. 3. Air has been injected. Patient and cas- 
sette are rotating while the film is exposed. 


head were obtained immediately after the 
air had been injected by the lumbar route 
and the needle removed. The patient had 
to be cooperative and able to overextend 
his neck. In addition, the roentgenographic 
details were obscured bv the so-called 
"transport shadows." These shadows may 
be eliminated with a pluridirectional blur- 
ring laminagraphic movement (Polytome). 
Even with the Polvtome, however, the 
roentgenograms must be made after re- 
moving the needle, and it is not always 
possible to "catch" the air while it passes 
through the posterior fossa. The results 
obtained with axial transverse encephalog- 
raphy 1961 were nevertheless such that it 
was felt the matter had to be pursued fur- 
ther. A completely new, utterly fascinat- 
ing, roentgenographic anatomy was offered 
to us. The method appeared to have great 
potentialities for a true three dimensional 
evaluation of the brain. 
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In 1947 Vallebona* in Italy, and Frain and 
Lacroix? in France, practically simultane- 
ously first succeeded in attaining horizontal 
laminagraphic cuts. The technique was 
called by Vallebona “axial transverse stra- 
tigraphy” (Fig. 1). Davini and Ghirardi! 
in 1949 and Sansone, De Maestri, Durand 
and Macarin? in Igs!t obtained axial 
transverse laminagrams of the ventricu- 
lar system in isolated patients. In the early 
1950’s demonstration of ventricles and sub- 
arachnoid spaces was accomplished in 
Japan, using an equipment which permits 
axial transverse laminagraphy with the pa- 
tient immobile in prone and supine posi- 
tions.’ 

At the National Institutes of Health of 
Bethesda, we have systematically studied 
the problem and have developed a stand- 
ard procedure which we refer to as axial 
transverse encephalography 1963. 

A Massiot-Philips Radiotome is used 
(Fig. 2). With some modifications, it is 
possible with this equipment to carry out 
the standard sitting lateral and postero- 
anterior studies of the fractional pneumo- 
encephalography before taking the axial 
transverse cuts (Fig. 3). For these, a grid 
is used and the technical factors are 3 sec., 
şo ma. and 100-120 kv. With the tube 
angled 26 degrees to the floor, plain cuts of 
a thickness of less than 1 mm. are obtained. 
Three positions of the head of the pat'ent 
are employed, the choice being made accord- 
ing to the diagnostic problem encountered. 
Though the head is usually slightly flexed 
forward, positions of marked anteflexion 
and marked dorsoflexion are also used. The 
landmark cut is the one which passes 
through the center of the EAM which we 
refer to as o. Generally, 3 to 4 laminagrams 
below the c and 7 to 9 laminagrams above 
the o are taken with an interval of 1 cm. be. 
tween each cut. We indicate with positive 
numbers the cuts above and with oi, o», 
etc., the ones below the EAM (Fig. 4, 2, 
B and C). The patients tolerate the pro- 
cedure very well. The spinning of the pa- 
tient can also be carried out with the 
spinal needle still in place. We try to follow 
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liG. 4. Levels of laminagraphic cuts with 
head in moderate flexion (4), marked flexion 
AM (B), and marked extension (C). 








lic. 5. (1) Medulla oblongata, (2) tonsil, and Fic. 6. (1) Pons, (2) cerebellar hemisphere, and 
(3) cerebellar hemisphere (specimen). (3) temporal lobe (specimen) 
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Fic. 7. (1) Cervical cord, and (2) odontoid 
process. 





ic. 9. (1) Cisterna magna, (2) vallecula, and 
(3) fourth ventricle. 





Fic. 11. Cerebellum surrounded by subdural air. Fic. 12. Brain stem. 
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Rit’ 4b Fic. 14. Asymmetric ventricular dilatation, and 


l septum bulging toward less dilated ventricle. 
Fic. 13. Lateral ventricles. 





ani | Fic. 16. Tumor of septum pellucidum. 


FiG. 15. Cyst of septum pellucidum. 





ee 


Fic. 17. Calcified lesion indenting lateral ventricle 
at trigonum. Conventional pneumoencephalog- 
raphy was negative. 


the air as it moves upwards as with the 
conventional fractional pneumoencephalog- 
raphy. 

To study the temporal horns, it is gen- 
erally necessary to fill them with one of the 
special maneuvers indicated for this pur- 
pose before putting back the patient on 
the rotating chair. With the present tech- 
nique of axial transverse encephalography, 
the anteroinferior part of the third ven- 
tricle and the suprasellar cisterns cannot be 
studied. We think that we will be able to 





Fic. 18. Glioma bulging in lateral ventricle. 
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F1G. 19. Compressed slit-like cisterna magna in 
posterior fossa tumor. 


demonstrate in the future the cerebrospinal 
fluid pathways in the suprasellar area by 
using the axial transverse laminagraphy 
with the patient supine. For this, the so- 
called axial transverse laminagraphy with 
partial spin (180°) may be used.* When the 
axial transverse laminagrams have been 
developed and checked, the conventional 
pneumoencephalograms with the patient 
supine or prone are taken. 

Examples of normal and pathologic axial 
transverse encephalograms are shown in 
Figures § to 19. 

Future development of axial transverse 
encephalography will probably be the crea- 
tion of a system of axial transverse lami- 
nagraphy in which the tube and the cassette 
rotate and the patient is immobile (Fig. 20). 


SUMMARY 


With axial transverse encephalograph v, 
the endocranial structures are demon- 
strated in a new plane, “as seen from 
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Fic. 20. Future development of axial transverse 
encephalography. 
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above." This procedure offers to the in- 
vestigator a new neuroradiologic anatomy 
with unlimited diagnostic possibilities. 


Section on Neuroradiology 
Medical Neurology Branch 
National Institute of Neurological 

Diseases and Blindness 
National Institutes of Health 
Bethesda, Maryland 
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BUILDING A RADIOGRAPHIC TEACHING FILE 


By ROSCOE E. MILLER, M.D. 


INDIANAPOLIS, INDIANA 


OTH large and small radiologic depart- 

ments need a radiographic teaching 
file. The file may be used as source material 
for illustrations and slides, and as an aid in 
teaching radiology residents, other specialty 
residents, interns, medical students, nurses, 
and X-ray technicians. Other physicians, 
specialists or generalists, who consult with 
the radiologist can also see cases similar to 
their own immediate problems. Because of 
these multiple uses, the file should contain 
excellent examples of common radiologic 
problems as well as the more unusual ones. 
With diligent care, the radiographic teach- 
ing file serves as a superb continuing post- 
graduate facility. 


PERSONNEL 


One person must be responsible for the 
teaching file. This may be the chief radiolo- 
gist or another interested member of the 
permanent staff who can spot-check, and 
lend needed help and continuity to the file. 
He can and should encourage other people 
to work on the file, but he should insist on 
the standards described later in this article. 
The supervisor should have full or part 
time clerical help. Initially, this help could 
possibly be the added duty of a regular 
clerk or typist. The duties consist largely 
of tvping, filing, punching cards, getting 
material from the file, charging out the ma- 
terial, and following up on its return. Ín 
addition at Indiana University, the teach- 
ing file clerk verifies bibliographies, writes 
for reprints, and maintains the reprint file. 
She also helps the new resident or statf 
member become acquainted with the file 
and the criteria used in 1ts operation, as 
well as in the obtaining and returning of 
clinical charts. 

While one may establish a good radio- 
graphic teaching file chiefly because of the 
interest and labor of one person, it is far 
better to gain the efforts of many people. 


Residents, not only in radiologv, but those 
in orthopedics, neurosurgery, urology, gas- 
troenterology, and other specialties are 
more than willing to add cases to the radio- 
graphic teaching file if they have a chance 
to review existing cases. These doctors 
soon realize that here is an excellent rapid- 
review aid available and waiting for their 
personal use, before they appear for their 
specialty board examinations. Many resi- 
dents will voluntarily work on such a file if 
they know that they can photograph the 
roentgenograms for private slide collec- 
tions. Residents will refer to the hospital 
“Disease and Operation” index file, con- 
taining a tabulation of surgical and dis- 
charge diagnoses, and work backward to 
the roentgenograms in order to get a series 
of good, proven, and unusual cases. (All 
approved hospitals of more than 25 beds 
have such files.) Many other members of 
the hospital staff also add cases to the file 
in appreciation of its usefulness. 

In teaching institutions, the resident can 
and should assemble, follow-up, complete, 
and file these records and roentgenograms, 
for they are of tremendous teaching value. 
In the less elaborate one or two-man radi- 
ology department, the radiologist himself 
can maintain the teaching file. The work 
can be done at odd times, but a scheduled 
and allotted time for this activity will be 
far more productive and rewarding. At 
Indiana University, one or two residents 
are continuously assigned to this duty full 
time for three months each. As one of the 
followup methods, they correlate the 
roentgenographic evidence with the sur- 
gical, pathology, and autopsy findings bv 
attending the weekly surgical-pathological 
review seminars and autopsies. 


STANDARDS 
For a teaching file, the standards estab- 
lished by the radiologist should be ex- 
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tremely high. We have and believe neces- 
sary the following prerequisites: 

I. A diagnostic cross-index card file 
should be maintained in conjunction with 
the file of the teaching roentgenograms. 
Our card file is indexed by a definite system 
which places all proven cases of one kind 
together. The card index identifies the 
better roentgenograms in the general files 
of the department from which superior 
roentgenograms are selected for the teach- 
ing file. 

2. The teaching roentgenograms should 
be highlv selective and should include one, 
or perhaps a few, from many in anv particu- 
lar case. For example, the most useful 
teaching roentgenogram may be the pre- 
operative one of tuberculosis of the spine, 
since the many postoperative follow-up 
roentgenograms have little general teach- 
ing value. The latter studies receive extra 
care and are placed in the teaching file in 
special envelopes (described later). In the 
long run, this segregation saves much time 
and labor. 

3. All cases should be proven beyond a 
questionable doubt. This proof may be 
clinical or roentgenologic. At Indiana 
University, all surgical, pathologic, and 
autopsy reports are delivered automati- 
cally to the Radiology Department, in 
quantity, at weekly intervals where they 
are reviewed by one of the radiologists. 
The regular clerk then files the selected, 
pertinent reports in the envelope contain- 
ing the patient’s roentgenograms. The re- 
ports are helpful, not only to the radiolo- 
gist, but also to the attending physician. 
When he reviews progress roentgenograms, 
they remind him just what was done at the 
time of operation, when it was done, and in 
what sequence. In some cases, proof may 
be obtained by careful search of the clinical 
record and may consist of a laboratory 
finding or a family history. 

In some cases, the referring physician is 
consulted and the patient or his family is 
recalled for further information. In one in- 
stance, a patient was recalled and re- 
examined after an absence of 20 vears in 
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order to follow up a congenital lesion. 
Occasionally, to establish proof, other hos- 
pitals are contacted for their operative, 
autopsv, or pathologic findings. For the 
past 10 vears neither a physician nor a hos- 
pital has refused us vital information for 
teaching purposes. Only rarely has a pa- 
tient or his relatives been uncooperative. 
The excellent services of the tumor registry 
have also been used with gratifving results, 
especially in following patients with in- 
teresting roentgenograms who refused sur- 
gerv at the time the roentgenograms were 
obtained. 

Many lesions or anomalies are not in 
themselves enough justification for surgery 
or biopsy. They may, however, be proved 
at a future date when an opportunity pre- 
sents itself, if the information needed is 
called to the attention of the endoscopist, 
surgeon, or pathologist. We have rubber 
stamps available at the roentgenographic 
interpretation desks and in the teaching file 
area to encourage the collection of such 
information. These stamps read: 


ATTENTION! 

If this patient has future 
ENDOSCOPY, SURGERY, or AUTOPSY, 
please confirm or deny 
radiographic findings of 





This is stamped on the outside of the 
regular radiographic envelope and on a 
roentgenologic report that is added to the 
patient's chart. 

It cannot be overemphasized that the 
most important basic principle of a good 
radiographic teaching file is proof beyond a 
questionable doubt. Unproven cases destroy 
all faith in the file! 


EQUIPMENT 


The equipment and space for the teach- 
ing file need not be an insurmountable 
problem. Any room that can be locked may 
be used, but it should be near the regular 
roentgenographic file. One row of open- 
shelf files, of the regular roentgenographic 
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Fic. 1. View of part of the teaching file at Indiana 
University showing two full 2 shelf sections. This 
file is in the basement at one end of the regular 
film file. 


files, has been allotted for the teaching 
roentgenograms at the Indiana University 
Medical Center (Fig. 1). This consists of 10 
five shelf units, each shelf capable of hold- 
ing 200 envelopes. Open-shelf filing with 
beaded front posts is most economical in 
monev, time, and space. 

In the immediate area, one should 
have enough space for the rapid viewing 
of many roentgenograms to make it easy 
to select the best example. At the present 
time, we find that 6 viewboxes, each ca- 
pable of holding four 14X 17 inch roentgeno- 
grams, are adequate. These viewboxes are 
mounted on simple wooden tables wide 


enough to allow an area for the handling of 


roentgenograms. 

Our teaching file envelope is similar to 
the regular radiographic envelope except 
that it has a distinctive bright yellow color. 
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It measures 144X174 inches and is open 
along the long edge. Spaces for the name 
and diagnostic index number, as well 
blocks of numbers for color coding, are pre- 
printed along the right front margin (Fig. 
2). 

The numbers, oo to og, printed along the 
right margin are used to indicate the ana- 
tomic index number as an aid to prevent 
misfiling. Green and orange colored, self- 
adhesive, acetate tapes are employed by 
the teaching file clerk to color-code the 
index number.* 

These code numbers represent the two 
digits at the left of the decimal point and 
designate anatomic areas of the bodv. 
When the first digit of the pair is /ower than 
the second, both numbers are coded with 
green tape. When the first digit is AzgAer 
than the second, they are coded with orange 
tape. À single strip of green tape is used 
when both digits are the same, for example, 
66, 88, c 

(The numbers, o to 8, just below the 
index numbers are used to indicate the 
vear in which the last roentgenographic 
examination was made. These latter num- 
bers are ignored in the teaching file, but 
in the regular file they are used as a guide 
to microfilming or discarding.) 

Spaces containing the letter “P” for 
proven cases and for autopsy are 
printed on the right margin just above the 
numbers used to indicate the anatomic 
digits. These spaces are color-coded with 
red and black tape, respectively, by the 
resident when he completes the assembly of 
the teaching roentgenograms. All regular 
envelopes of the same case that may be 
present in the regular file are color coded 
in the same wav to ensure their retention 
in perpetuity. 


* The indexing system for both the punched cards and the 
teaching radiographic envelopes may be any good system. In- 
diana University uses the decimal system of the American Col- 
lege of Radiology Index for Roentgen Diagnosis, because we be- 
lieve it to be superior to any others now in use, and it can easily 
be purchased by the residents when they leave to set up their 
own files. Any system, however, is only as good as the person 
using it. "Most systems will work for an interested person, but 
the best system will fail in the hands of the uninterested.” 
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Large gray pressboard guides are also 
used to indicate the decimal numbers in the 
teaching file and to make finding and filing 
easy. 

The card index may be simply 3X 5 inch 
cards, the excellent manual punched cards, 
or the more elaborate electronic punch 
cards. Standard §X8 inch punch cards of 
a high grade stock with rounded corners 
are used at Indiana University Medical 
Center since these are permanent records 
to be used again and again. In our depart- 
ment, the punch cards are separated by 
filing guides using anatomic and pathologic 
numbers of the previously mentioned deci- 
mal system. We believe there is no need to 
search through and handle the cards on 
all the diseases of the skull when one is 
concerned with carcinoma of the colon. We 
use the punch cards to separate the vari- 
ables within specific lesions. For example, 
using "carcinoma of the colon” as the sub- 
ject, we may want to find the oldest and 
voungest male, and/or the oldest and 
voungest female with that lesion; we may 
want the most extensive, or the earliest 
discernible example; we may want the most 
spectacular, or a "trick" example such as a 
carcinoma outlined by the normal gas in 
the colon; or we may want all of these. 
With this type of selection, punch cards 
can save time, and be extremely helpful 
without imposing disadvantages. 


OPERATING PROCEDURES 


The teaching file roentgenograms should 
be readily available to radiologists and at- 
tending physicians for comparison when 
new studies are made. In our department 
the special colored teaching file envelope 
is routinely placed with the patient’s reg- 
ular roentgenographic envelope any time 
the patient is re-examined. This is easily 
accomplished by cross-indexing the teach- 
ing roentgenograms with those in the 
regular file. Therefore, any roentgenogram 
is available upon request by the clinician. 

The referring physician does not have 
unlimited physical access to the radio- 
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PATIENT'S 
NAME 


AJ6- 84-27 





Fic. 2. Teaching file envelope showing the anatomic 
diagnostic index number coded along one edge as 
an aid in preventing misfiling The letter “B” be- 
low the number g indicates that the punch card 
has been doublechecked and that all pertinent 
information is contained on the card. 


graphic teaching file which, of course, must 
be closely supervised, but any phvsician 
may visit, study, and withdraw teaching 
fle material by signing it out as in any 
library. By its organization, staffing, con- 
tent, and accessibility, the file is easy to 
use, and our colleagues are encouraged to 
use it. We do reserve the right, however, to 
restrict withdrawal of roentgenograms if 
the privilege is abused. The roentgeno- 
grams are controlled with a rigid charge-out 
system, and recalls are made at frequent 
intervals. 

Preliminary selection of roentgenograms 
for the teaching file usually occurs at the 
time the roentgenograms are interpreted. In 
the interest of economy, those cases with 
the most interesting roentgenographic find- 
ings are usually selected. (Every case could 
be coded, and the pathologic material sepa- 
rated later for the teaching file.) The 
radiologist writes the patient's name, 
hospital number, date, and tentative diag- 
nosis or impression on a §X8 inch card— 
generally, one card, sometimes more—for 
each case. More than one index card is 
sometimes made on a single case. We urge 
our staff to think of the future when mak- 
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ing out the index cards, and to ask them- 
selves, "Under what circumstances or 
conditions may I again want to find this 
case?" Cross-index cards are made under 
various categories that refer back to the 
main index number by which the case is 
fled. For example, (using the Index for 
Roentgen Diagnosis) a perforated duodenal 
ulcer without free air may well be indexed 
under 73 "Duodenum," and "perforated 
ulcer without free air" .233. Then this case 
might well be cross-indexed under 73.1252 
for “duodenum nonpalpation technique," 
and also under 73.1253 “duodenum special 
contrast media." The last two cards would 
refer the interested person to the original 
file number 73.533. These cards are placed 
in a small wooden box located at each 
roentgenographic interpretation area. The 
teaching file clerk collects these cards once 
a week and gives them to the resident 
assigned to the teaching file to be “worked 
up" and proven. 

The resident familiarizes himself with the 
roentgenograms of each case: the history, 
the provisional clinical diagnosis, and the 
tentative roentgenologic diagnosis. He then 
takes whatever steps are necessary to prove 
or support a final clinical diagnosis. 

We use as a guide and work sheet, a 
"follow-up" report form that contains 
space for the following information: (a) 
chief complaint and initial clinical impres- 
sions or provisional diagnosis; (b) the 
initial roentgenologic findings and impres- 
sion; (c) the operative, autopsy, or path- 
ology proof, and dates; and (d) anv other 
clinical, roentgenologic or laboratory find- 
ings leading to an unquestioned diagnosis. 

As a practical matter, the resident us- 
ually works on cases that are at least 1 
month old. By this time, there is no longer 
an urgent clinical need for the roent- 
genograms and proof is then usually avail- 
able. Final selection of the roentgenograms 
is made by a senior radiologist or bv the 
resident with the approval of senior mem- 
bers of the department. 

After the teaching roentgenogram is 
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segregated and approved, a "T"' is per- 
forated through the identifving label with 
a special hand punch. This permanently 
marks the roentgenogram and makes it 
easily found in the event it inadvertently 
becomes mixed with others. The roentgeno- 
gram is then placed in the special colored 
teaching file envelope and the diagnostic 
index number is written in the special 
space provided. 

To establish cross-indexing of the roent- 
genograms in the teaching file envelope 
with those in the regular file, the following 
information is recorded on the face of the 
regular envelope in a space outlined by a 
simple rubber stamp: (a) the number and 
size of roentgenograms placed in the teach- 
ing file; (b) the diagnostic index number; 
and (c) the date the roentgenograms were 
made. The rubber stamp is used to make 
the cross-indexing more uniform and easily 
noticed (Fig. 2). 

The diagnosis and other pertinent data 
are written clearly in longhand on the 
teaching file envelope. Finallv, the com- 
pleted case is filed in the open shelf teaching 
file. Occasionally, pasted on the outside, or 
inserted within the envelope, is a reprint of 
an article illustrated by the teaching 
roentgenograms. Reprints pasted on the 
envelope are protected with a thin coat of 
clear enamel (Krylon 1303) applied from 
an aerosol spray can by the teaching file 
clerk. A bibliography of pertinent books or 
articles may also be noted on the envelope. 


IMPROVING THE FILE 


The teaching file should be continually 
upgraded or improved. When one inserts a 
new proven case, he should compare it 
with the roentgenograms already filed 
under that diagnosis. If it is better, it is 
placed in the file and the older roentgeno- 
grams are returned to the regular file after 
an ordinary round punch is used to punch 
out the perforated "T," indicating that 
these are no longer used for teaching pur- 
poses. "All Films Here—Returned From 
Teaching File" is printed on the regular 
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envelope with a simple rubber stamp. The 
old teaching envelope is then destroved. 
If the roentgenograms in the teaching file 
are the better ones, then the new roent- 
genograms are returned to the regular file. 

The teaching file can also be improved at 
times when a general review of any sub- 
ject is made, when one is preparing a lec- 
ture or article, or when selecting roentgeno- 
erams for a slide collection. 

One complete five shelf unit of the teach- 
ing file is reserved for the improvement of 
the file. This is used by the resident as- 
signed to the teaching file and for the 
temporary storage of roentgenograms being 
studied by other physicians in the teaching 
file area. Each section containing envelopes 
in this unit is set aside for such study and 
is labeled with the physician’s name. These 
names change, of course, as projects are 
completed. The roentgenograms temporar- 
ily stored here may be from the regular file 
to be proven, or from the teaching file for 
study, comparison, and upgrading; but, in 
each instance, an outguide is inserted in 
place of each envelope removed for this pur- 
pose. 

We discourage the use of lead pencil or 
ink to point out interesting or questionable 
features on roentgenograms, since this can 
destroy their teaching value. We use 
colored grease pencils to mark the film 
temporarily, because the marks can be 
easily removed with a clean cloth moistened 
with Stoddard’s solvent. (Grease pencils 
and small cans of the solvent are available 
at all viewing stations in the Radiology 
Department.) Frequently, clear overlays 
marked with India ink or a felt tipped ink 
marker are prepared to point out features 
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of interest. These overlays are stored in the 
teaching file envelope along with the per- 
tinent films. 


SUMMARY 


A radiologic teaching file is described 
which consists of a card file and a separate 
roentgenographic teaching file both of 
which are integrated with the regular 
radiographic file. The system is adaptable 
to any size institution. The standards and 
general principles for such a file are out- 
lined and illustrated by specific examples. 

One can and should enlist the coopera- 
tion of referring physicians in building such 
a file. The mechanics of operating the file, 
the equipment needed, and methods for 
improving it are described. 

The excellent roentgenograms thus segre- 
gated can be used for multiple teaching 
activitles with an enormous saving of time 
and effort. The file may also serve as a 
stimulus to improve the quality of routine 
examinations. Such a file will serve as a 
continuing postgraduate educational facil- 
itv for the radiologist and his colleagues. 


Department of Radiology 
Indiana University Medical Center 
[Indianapolis 7, Indiana 
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INSTRUCTION COURSES OF THE SIXTY-FIFTH 
ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


RESIDENT-ELECT Harold O. Peter- 

son has requested presentation of the 
Courses of Instruction (Refresher Courses) 
as part of the program of the 1964 Annual 
Meeting of the American Roentgen Ray 
Society in Minneapolis, September 29 
through October 2, 1964. 

As in the past the courses will be given at 
3:00 P.M. on Tuesday, Wednesday and 
Thursday, September 29 to October 1, and 
at 1:30 P.M. on Friday, October 2. The 
hour and one-half allotted to these courses 
permits each instructor to present his ma- 
terial in detail to relatively small groups, 
and the informal nature of each session 
leaves opportunity for discussion. 

The courses and instructors are listed 
and described in this issue of the JOURNAL. 
They cover a variety of subjects in diag- 
nostic radiology, therapeutic radiology, 
physics, and nuclear medicine and are in- 
tended to meet the interests and needs of 
the registrants. 

Three courses are to be given by faculty 
members of the University of Minnesota 
College of Medical Sciences because it is 
felt that their subject matter is of general 
interest to the radiologists. Dr. C. Walton 
Lillehei is giving a course on the current 


status of cardiac surgery; he is one of the 
pioneers in heart surgery. Dr. B. J. Ken- 
nedy will present a course on chemotherapy 
of cancer; he has been greatly interested in 
this form of treatment through much of his 
career. Dr. William Kelly is to discuss the 
problems of tissue transplantation; he is a 
senior member of the team which has been 
actively engaged in the study of this matter 
for some time. 

Registration in advance is urged to assure 
registrants of courses of their preference. 
The number of registrants in each course is, 
of necessity, limited. The registration blank 
and description of procedure are included in 
the section describing the courses in this 
issue of the JOURNAL. 

This portion of the program has always 
been regarded as most productive for the 
radiologists attending the Courses of In- 
struction. We are particularly grateful to 
the very able Faculty of Instructors who 
were willing to contribute a great deal of 
time in preparing the material for present- 
ing topics of timely and great practical as 
well as scientific interest. 


Donn G. Mosser, M.D. 


Director, Section on Instruction 
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IN MEMORIAM 


EDGAR BIRDSALL, M.D. 
1876-1964 


N JUNE 6, 1964 Dr. Edgar Birdsall, a 

pioneer radiologist in northeastern 
New York State, died in the Glens Falls 
Hospital of acute myocardial infarction. 
He was born in Brooklyn on August 21, 
1876. After moving with his family to Glens 
Falls in 1884 he attended the Glens Falls 
Academy. He would often drive his father, 
Dr. Stephen Birdsall, on house calls in the 
horse drawn buggy. He graduated from 
New York Medical College and Flower 
Hospital in 1899, interned for a year in 
Metropolitan Hospital on Blackwell’s Is- 
land and began the general practice of 
medicine in Brooklyn. Before long, how- 
ever, he returned to Glens Falls taking over 
his father’s office on the fifth floor of the 
Colvin Building. As with many of the 
pioneers his interest in electrotherapeutics 
gradually evolved into the fulltime spe- 
cialty of roentgenology. In the meantime 
he served as town physician for Queensbury 
from 1905 to 1907, and later as coroner for 
two terms. On December 7, 1904 he mar- 
ried Eleanor Avery of Louisville, Ken- 
tucky, who predeceased him in 1948. 

In 1904 he purchased the first x-ray ma- 
chine in this area, convinced others of its 
usefulness, and established the X-ray De- 
partment of the Glens Falls Hospital where 
he was Chief of the Department until his 
retirement in 1959. Ín 1946 he acquired an 
associate, Dr. Richard C. Batt. In 1951 
they were joined by Dr. James A. Glenn, 
and in 1958 by Dr. Robert Fishman. 

Dr. Birdsall served for many vears as 


consulting radiologist to the Emma Laing 
Stevens Hospital and to the Westmount 
Tuberculosis Sanatorium. During World 
War II he was on the local Advisory Board 
of the Selective Service. He was one of the 
oldest members (1908) and a Life Member 
of the American Roentgen Ray Society, à 
Diplomate of the American Board of Radi- 
ologv, Past President of the Warren 
County Medical Society, a Charter Mem- 
ber and Past President of the Glens Falls 
Academy of Medicine, and in 1946 he was 
elected to Fellowship in the American Col- 
lege of Radiology. 

His community activities included being 
a Charter Member and President of the 
Glens Falls Country Club, a Director of the 
Y.M.C.A., and a 60 year member of Senate 
Lodge, 456 F. and A. M. 

A perfect gentleman and an impeccable 
dresser, Edgar Birdsall was proud of his 
Quaker upbringing. As a man of principle 
he successfully fought for and applied the 
recommendations of the American College 
of Radiology and the American Medical 
Association toward developing a fine X-ray 
Department in his local community hos- 
pital. The excellent quality of radiology in 
his private office made the name Birdsall 
synonymous with “x ray" in the minds of 
most people in this region. 

Survivors include two sons, Stephen and 
Samuel, a grandchild, Kate, and a niece 
and nephew. 


RicHARD C. Barr, M.D. 


AMERICAN ROENTGEN RAY SOCIETY 


Section on Instruction 


Donn G. 


Mosser, M.D., 


Director 


Titles and Abstracts of Courses Offered 
Sixty-Fifth Annual Meeting 
Radisson Hotel, Minneapolis, Minnesota 


September 29 to October 


THe Insrrucrion Courses for the SIXty- 


fifth Annual Meeting of the American 
Roentgen Ray Society will be held on 


Tuesday, Wednesday and Thursday after- 
noons, Moa 29, 30 and October 1, at 
3:00 P.M., and Friday afternoon, October 2 
atl: 30 p.m. Each course period vill beof dn 
minutes’ duration and no other official 
activity will be scheduled for this time. 

A special registration. desk for these 
courses will be set up near the general regis- 
tration area. Complete information con- 
cerning the courses as well as tickets for 
those courses still available can be obtained 
Monday, September 28, from 8:30 A.M. to 
4:30 P.M. and daily, Tuesday through 
Friday, September 29g-October 8:30 

A.M. tO 4:530 P.M. 

Fourteen daily courses will be given on 
Tuesdav, Wednesday and Thursday, and 
eight on F riday. Please note that several of 
the courses will be given in two sessions. 
A brief abstract for each course will be 
found on the following pages as well as a 
complete list of the faculty and the regis 
tration form. 

Admission to all courses will be by ticket. 
To avoid the confusion usually present on 
the first day of the meeting, tickets will be 
mailed to all those whose registration forms 
(Pink Sheets) reach the office of the Direc- 
tor before September 18, 1964. The en- 
velope containing the tickets will be 
labelled in a conspicuous manner. Please be 
on the lookout for your tickets and remem- 
ber to bring them to the meeting. Tickets 
will be issued in the order that the requests 
are received but the first mailing will be 
shortly after September 5. 
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How to Register and Obtain Tickets 


After reviewing the abstracts of the 
available courses on the following pages, 
fill out the pink order sheet. Please make 
three choices for each day and include the 
course number and name of Instructor for 
each choice. A $2.00 registration fee is re- 
quired from nonmembers for each course 
attended. Since it is possible to attend only 
one course a day for four days, the max- 
imum fee is $8.00. Members of the Amer- 
ican Roentgen Ray Society and graduate 
students or residents in Radiology are not 
required to pay for these courses but must 
fill out the pink order sheet indicating their 
choices. 

Please mail these order sheets to Dr. 
Donn G. Mosser, Department of Radiation 
Therapy, Northwestern Hospital, 810 East 
27th Street, Minneapolis, Minnesota 25407. 


THE FACULTY 
1964 


kurt Amplatz, M.D., Associate Professor of Radiol- 
ogy, University of Minnesota Medical School, Min- 
neapolis, Minnesota 


George A. Balla, M.D., Clinical Professor of Experi- 
mental Surgery, Baylor University Dental College; 
Director, Experimental Surgical Section, Charles A 
Sammons Research Division, Baylor University 
Medical Center, Dallas, Texas 

Carlo A. Cuccia, M.D., Associate Professor of Radi- 
ology, Division of Radiotherapy, University of 
Maryland Hospital, Baltimore, Maryland 

Gerald D. Dodd, M.D., Clinical Professor of Radiol- 
Jetferson Medical College Hospital, Philadel- 
Pennsylvania 


Ogy, 
phia, 
J. Scott Dunbar, M.D., Associate Professor of Radi- 
ology, McGill University; Director of Department 
of Radiology, Montreal Children’ s Hospital, Mon- 
treal, Quebec, Canada 
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Robert L. Egan, M.D., Associate Radiologist, Meth- 
odist Hospital, Indianapolis, Indiana 


Lewis E. Etter, M.D., Director, Department of 
Radiology, The Falk Clinic; Consultant, Western 
Psychiatric Institute and Clinic; Professor of Radiol- 
ogy, School of Medicine, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Benjamin Felson, M.D., Professor and Director, 
Department of Radiology, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 


Arthur K. Finkelstein, M.D., Professor and Chair- 
man, Department of Radiology, The Graduate 
School of Medicine, University of Pennsylvania, 
Philadelphia, Pennsylvania 


James W. Finney, M.A., Instructor of Microbiology, 
Baylor University Dental College; Director of Re- 
search Laboratories, Charles A. Sammons Research 
Division, Baylor University Medical Center, Dallas, 


Texas 


William E. Gannon, M.D., Associate Professor of 
Radiology, College of Medicine, State University of 
New York, Brooklyn, New York 


Roy R. Greening, M.D., Professor of Radiology, 
Jefferson Medical College Hospital, Philadelphia, 


Pennsylvania 


John W. Hope, M.D., Director, Department of Radi- 
ology, The Children’s Hospital of Philadelphia; Pro- 
fessor of Clinical Radiology, University of Pennsyl- 
vania, Philadelphia, Pennsylvania 


George Jacobson, M.D., Professor of Radiology, 
Chairman, Department of Radiology, School of 
Medicine, University of Southern California, Los 
Angeles, California 


Harold G. Jacobson, M.D., Professor of Clinical 
Radiology, New York University School of Medi- 
cine, New York City, New York 


William D. Kelly, M.D., Professor, Department of 
Surgery, University of Minnesota Medical School, 
Minneapolis, Minnesota 


B. J. Kennedy, M.D., Associate Professor of Medi- 
cine, University of Minnesota Medical School, Min- 
neapolis, Minnesota 


Richard G. Lester, M.D., Professor and Chairman, 
Department of Radiology, Medical College of Vir- 
ginia, Richmond, Virginia 


Emanuel J. Levin, M.D., Director, Department of 
Radiology, Maimonides Hospital of Brooklyn; Pro- 
fessor of Radiology, State University of New York, 
Brooklyn, New York 


C. Walton Lillehei, M.D., Professor of Surgery, 
University of Minnesota Medical School, Minne- 
apolis, Minnesota 
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Merle K. Loken, M.D., Ph.D., Associate Professor 
of Radiology, Director, Radioisotope Clinic, Uni- 
versity of Minnesota Medical School, Minneapolis, 
Minnesota 


Alexander S. Macmillan, Jr., M.D., Instructor in 
Radiology, Harvard Medical School; Radiologist, 
Massachusetts Eye and Ear Infirmary, Boston, 
Massachusetts 


John T. Mallams, M.D., Clinical Professor of Radio- 
therapy, Baylor University Dental College; Clinical 
Professor of Radiology, Southwestern Medical 
School; Director of Radiation Therapy and Cancer 
Research, Baylor University Medical Center, Dallas, 
Texas 


Richard H. Marshak, M.D., Attending Radiologist, 
Mount Sinai Hospital, New York City, New York 


William Martel, M.D., Associate Professor, Depart- 
ment of Radiology, The University of Michigan 
Medical Center, Ann Arbor, Michigan 


Donald L. McRae, M.D., Associate Professor of 
Radiology, McGill University, Montreal, Quebec, 
Canada 


William T. Meszaros, M.D., Director of Radiology, 
Illinois Masonic Hospital; Attending Radiologist, 
Cook County Hospital; Assistant Professor of Radi- 
ology, Northwestern University Medical School, 
Chicago, Illinois 


Harvey Meyers, M.D., Associate Professor of Radi- 
ology, School of Medicine, University of Southern 
California, Los Angeles, California 


Russell H. Morgan, M.D., Radiologist-in-Chief, 
The Johns Hopkins Hospital, Baltimore, Maryland 


Walter T. Murphy, M.D., Chief, Department of 
Radiation Therapy, Buffalo General Hospital; Asso- 
ciate Clinical Professor of Radiology, New York 
State University School of Medicine at Buffalo, 
Buffalo, New York 


Sidney W. Nelson, M.D., Professor and Chairman, 
Department of Radiology, The Ohio State Uni- 
versity Medical School, Columbus, Ohio 


Charles M. Nice, Jr., M.D., Professor and Chairman, 
Department of Radiology, Tulane University School 
of Medicine; Director of Diagnostic Radiology, 
Charity Hospital, New Orleans, Louisiana 


G. F. Pennal, M.D., F.R.C.S. (C), Chief of Depart- 
ment of Surgery, St. Joseph’s Hospital; Lecturer, 
Department of Surgery, University of Toronto, 
Toronto, Ontario, Canada 


M. Vera Peters, M.D., Assistant Professor in Thera- 
peutic Radiology, University of Toronto; Assistant 
Professor, Department of Medical Biophysics, Uni- 
versity of Toronto, Toronto, Ontario, Canada 
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Paul A. Riemenschneider, M.D., Professor and 
Chairman, Department of Radiology, State Uni- 
versity of New York, Upstate Medical Center, Syra- 
cuse, New York 


Wallace M. Roy, M.D., Chief of Department of 
Radiology, St. Joseph’s Hospital, Toronto, Ontario, 
Canada 


William H. Shehadi, M.D., Director, Department of 
Radiology, United Hospital, Port Chester, New 
York 


Edward B. Singleton, M.D., Clinical Associate Pro- 
- - " 18 d 2 LI . - 
fessor of Radiologv, Baylor University College of 
Medicine, Houston, Texas 


Justin J. Stein, M.D., Professor of Radiology and 
Chief, Radiotherapy Division, University of Cali- 
fornia, Los Angeles School of Medicine; Director, 
Cancer Research Institute, Los Angeles, California 


G. O. Sutherland, M.D., Associate Radiologist, St. 
Joseph’s Hospital, Toronto, Ontario, Canada 


Sidney Wallace, M.D., Instructor in Radiology, 
Jefferson Medical College Hospital, Philadelphia, 
Pennsylvania 


Don C. Weir, M.D., Clinical Professor and Acting 
Director of Radiology, St. Louis University School 
of Medicine, St. Louis, Missourt 


Orliss Wildermuth, M.D., Director of the Tumor 
Institute, The Swedish Hospital, Seattle, Washing- 
ton 


Marvin M. D. Williams, Ph.D., Professor of Bio- 
physics, Mayo Clinic and Mayo Foundation, Uni- 
versity of Minnesota, Rochester, Minnesota 


Robert E. Wise, M.D., Radiologist, Lahey Clinic; 
Chairman, Department of Radiology, New England 
Baptist Hospital, Boston, Massachusetts 


Martin H. Wittenborg, M.D., Radiologist, Chil- 
dren’s Hospital Medical Center; Associate Clinical 
Professor of Radiology, Harvard Medical School, 
Boston, Massachusetts 


Morris J. Wizenberg, M.D., Assistant Professor of 
Radiology, Division of Radiotherapy, University of 
Maryland Hospital, Baltimore, Maryland 
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DESCRIPTION OF COURSES 


COURSE 101 
and 
COURSE 308 


Tuesday and Thursday 


RICHARD H. MARSHAK, M.D. 
New York, New York 


Course 101. Stomach and Duodenum 
Course 308. Small Bowel and Colon 


The following entities will be discussed: 
Course Il. 


1. Gastric ulcer 

2. Gastritis including Menetriére's disease (exuda- 

tive enteropathy) 

Differential diagnosis of circular defects of the 

stomach including submucosal tumors, aber- 

rant pancreatic tissue, polyps, metastatic 

lesions, and lymphosarcoma 

4. Abnormalities in the duodenal bulb not due to 
duodenal ulcer 

c. Duodenitis?? 


r 
Pd 
. 





Course 308. 
Part I—Small Bowel 
t. Technique 
2. The malabsorption syndrome 


3. Regional enteritis 

4. Infarction 

5. Tumors 

6. Intramural hemorrhage 


Part II—Colon 


i. [nflammatory lesions of the colon 
2. Tumors of the colon not including carcinoma 





COURSE 102 
Tuesday 


JOHN W. HOPE, M.D. 
Philadelphia, Pennsylvania 


Abdominal Mass Lesions in Infants and Children 


Nephroblastoma and neuroblastoma are the two 
most common abdominal mass lesions of infants and 
children. These two tumors, in their various mani- 
festations, will be discussed as well as the differential 
diagnosis of each. Time will also be devoted to the 
therapy of each lesion. Most of the course will deal 
with these two entities, but the other miscellaneous 
and often verv bizarre abdominal mass lesions of in- 


^ 


fants and children will likewise be considered. 





460 


COURSE 103 
Tuesday 


RUSSELL H. MORGAN, M.D. 
Baltimore, Maryland 


Screen Intensification and Cineradiography 


This course will deal with the physics and technical 
problems associated with screen intensification and 
cineradiography. The discussion will consider those 
aspects of x-ray image formation and perception 
which are important in the fields of screen intensified 
fluoroscopy and motion picture recording. Particular 
attention will be given to the practical problems asso- 
ciated with the use of various intensifier and cine- 
radiographic systems in clinical radiology. 


COURSE 104 
Tuesday 
WILLIAM T. MESZAROS, M.D. 
Chicago, Illinois 


Roentgen Cardiology of Adults 


. The normal heart 

Cardiac mensuration 

Cardiac chamber enlargement 

Hypertensive heart disease 

Rheumatic heart disease 

Arteriosclerotic heart disease 

. Luetic heart disease 

. Cor pulmonale 

. Miscellaneous disorders: a. thyroid heart dis- 
ease; b. anemia; c. hemachromatosis; d. Addi- 
son's disease; e. dissecting aneurysm; f. sclero- 
derma; g. carcinoid 

IC. Diseases of the pericardium 

1I. Congenital heart disease in adults 

12, The lungs in heart disease 


SSW AAR E Po 


COURSE 105 


Tuesday 
PAUL A. RIEMENSCHNEIDER, M.D. 
Syracuse, New York 


Stenosis, Occlusion and Degenerative 
Disease of the Cerebral Vessels 

A discussion: will be given considering the indica- 
tions for cerebral angiography in cerebral vascular 
insufficiency, and the methods and hazards of such 
studies, Attention will be paid to the differentiation 
of real from spurious narrowings. Some time will be 
spent on the clinical and roentgenologic correlation 
of these abnormalities. 
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COURSE 106 
Tuesday 


EDWARD B. SINGLETON, M.D. 
Houston, Texas 


Pediatric Chest Abnormalities 


. Technique 
. The normal chest and variations of normal 
. Abnormalities of the thoracic cage | 
. Newborn pulmonary complications: a. varia- 
tions of perinatal distress—hyalin membrane 
disease, aspiration. syndrome and pulmonary 
hemorrhage; b. pneumonias including aspira- 
tion secondary to pharyngeal incoordination 
and esophageal atresia 
5. Congenital anomalies: congenital lobar em- 
physema, congenital cystic malformation, dia- 
phragmatic abnormalities, pulmonary agenesis 
and hypoplasia 
6. Pulmonary abnormalities acquired in later in- 
fancy and childhood: a. types of pneumonia 
and their complications; b. acquired tracheo- 
esophageal fistula; c. foreign bodies; d. fibro 
cystic disease; e. bronchiolitis 
7. Rare pulmonary conditions: pulmonary alveo- 
lar microlithiasis, neoplastic diseases, pulmo- 
nary fibrosis, hemosiderosis, cytomegalic inclu- 
sion disease 


BO BH 


COURSE 107 
and 
COURSE 207 


Tuesday and Wednesday 


M. H. WITTENBORG, M.D. 
Boston, Massachusetts 


Osseous Manifestations of Systemic 
Disease in Infancy and in Childhood 
This course will be given in two parts: 
Course 107. Part I 
Course 207. Part II 
The roentgen diagnostic aspects of bone changes in 
systemic disease will be reviewed. Emphasis will be 
on the changes that are unique to growing bones. 
This wil include examples of nutritional, hema- 
tologic, metabolic, and endocrine disorders that are 
reflected in the skeleton by characteristic roentgeno- 
graphic appearances. 


COURSE 108 
Tuesday 
WILLIAM H. SHEHADI, M.D. 
Port Chester, New York 
Radiologic Study of the Biliary Tract 


Although some pathologic conditions involve pri- 
marily the liver and others the extrahepatic biliary 
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tract, roentgenologically as well as clinically, the 
biliary tract should be considered as one unit. The 
anatomy, physiology and pathology of the biliary 
tract will be briefly reviewed, with special emphasis 
on a study of liver function tests and jaundice, 
bringing out the role they play in biliarv tract visu- 
alization. 

The course will encompass the technique of liver 
examination, liver function tests and jaundice, and 
a study of liver diseases which are roentgenologically 
significant. 

Also, the techniques of gallbladder and bile duct 
visualization, the relative merit of the oral and in- 
travenous methods, and an evaluation of the con- 
trast media used in biliary tract visualization will 
be covered. The commonly as well as the infre- 
quently encountered diseases of the gallbladder and 
ducts and the so-called postcholecystectomy syn- 
drome will be discussed from a roentgenologic point 
of view. 


COURSE 109 
and 
COURSE 209 


Tuesday and Wednesday 


ALEXANDER S. MACMILLAN, JR., M.D. 
Boston, Massachusetts 


Sinuses and Mastoids 


Course 109. Sinuses 
Course 209. Mastoids 


Following a discussion of positioning, normal and 
some acceptable variations of the normal plus various 
pathologic states will be presented. As much infor- 
mation as possible will be presented in as short a time 
as possible. Following the presentation, there will be 
opportunity for questions. 


COURSE 110 
Tuesday 


J. S. DUNBAR, M.D. 
Montreal, Quebec, Canada 


Pediatric Urology 


The technique of urography will be discussed, with 
particular emphasis on infants and young children. 
The methods of roentgenography and the use and 
dosage of contrast media will be outlined. Particular 
emphasis will be placed on the diagnosis of chronic 
urinary infection and on lower tract disease. The 
value of excretory urography will be stressed, and 
methods of using both roentgenography and cine- 
fluorography to derive maximum information by this 
method will be outlined. 
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COURSE 121 
Tuesday 


C. WALTON LILLEHEI, M.D. 
Minneapolis, Minnesota 


Present Status of Cardiac Surgery 


Open cardiac surgery has been done at the Uni- 
versity of Minnesota Hospitals for more than 10 
vears. Consequently, a great deal of experience in 
developmental and clinical aspects of this problem 
has been accumulated. 

This course will cover the present status of cardiac 
surgery and consideration of further innovations 
which are in the process of development at present. 


COURSE 122 
Tuesday 


M. VERA PETERS, M.D. 
Toronto, Ontario, Canada 


The Place of Radiotherapy in the 
Management of Lymphomas 


The differences in the clinical manifestations and 
in the clinical course will be discussed with reference 
to Hodgkin's disease, lymphosarcoma, reticulum cell 
sarcoma and giant follicular lymphoma. A knowledge 
of these variations is helpful in the management of 
the individual patient since it allows one to anticipate 
the expected course and prescribe accordingly. 

The curative approach will be stressed for the 
groups of patients offering a good prognosis and the 
plan of management will be presented for each stage 
of the disease in each morphologic group. 


COURSE 123 
Tuesday 


WALTER T. MURPHY, M.D. 
Buffalo, New York 


Radiation Therapy of Skin Cancer 

In this course clinical results of various techniques 
currently used at the Roswell Park Memorial Insti- 
tute for small and large lesions involving various 
anatomic sites, with and without invasion of carti- 
lage and bone, will be illustrated. The discussion will 
accent (1) the advantages of small increment frac- 
tionation as compared to the so-called ''massive- 
dose" technique, (2) the proper selection of radiation 
quality (half value layer 0.06 mm. Al, 30 kv. peak 
up to half value layer o.9 mm. Cu, 200 kv. peak and 
radium molds) and the indications for combining dif- 
ferent radiation qualities, (3) the influence of the 
cancer site upon the selection of field size, (4) the care 
of the patient during and following irradiation, and 
(5) the factors influencing complications and sequelae. 
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COURSE 124 
Tuesday 


MORRIS J. WIZENBERG, M.D. 
Baltimore, Maryland 


Present Indications for Interstitial Gamma 
Therapy in Head and Neck Malignancies 


Current use of interstitial gamma therapy in the 
treatment of head and neck malignancy will be dis- 
cussed. The presentation will include a discussion of 
the advantages and disadvantages of interstitial 
therapy in various situations, specific indications, 
the combination of interstitial and external therapy, 
techniques of implantation in various sites, dosim- 
etry and suggestions for radium stock. 





COURSE 201 


Wednesday 


EMANUEL J. LEVIN, M.D. 
Brooklyn, New York 


Fundamental Aspects of Osseous Disease 


Osseous disease produces roentgenographically de- 
tectable changes not only in bone but also in carti- 
lage, soft tissues and in the periosteum. The qualita- 
tive and quantitative variations in these changes are 
the clues by which an accurate diagnosis can be 
made. 

It is the purpose of this course to describe and 
illustrate these changes under the following headings. 


I. Explanation and description of change in 

A. Soft tissue 
B. Periosteal reaction 
C. Cartilage 
D. Bone 

II. Tumors 
A. Benign 
B. Malignant 

III. Infections 
A. Acute 
B. Chronic 





COURSE 202 


Wednesday 


DON C. WEIR, M.D. 
St. Louis, Missouri 


Roentgen Diagnosis of Injury of the 
Cervical Spine 


The ever increasing burden of traffic on the streets 
and highways is resulting in an increase in the fre- 
quency of cervical spine injuries. These injuries repre- 
sent acute medical emergencies and are also impor- 
tant in the realm of medico-legal litigation. 

The atlanto-axial segment of the cervical spine 1s 
unlike the remainder of the spine both anatomically 
and functionally. Variations in normal alignment, 
dislocations, “rotation deformities,” and fractures 
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will be discussed. Reversal, or loss of the normal 
lordotic curve will be evaluated along with a dis- 
cussion of the so-called "whip-lash," the "darling" 
of the plaintiff's attorney and the “bane” of the de- 
fendant's attorney. 

The relative value of cervical diskograms and 
myelograms in injury will be presented. Luschka's 
joints will be discussed and clinical significance 
evaluated. 

Technical aspects of cervical spine examinations 
will be outlined and evaluation of conventional 
views, flexion and extension, oblique studies, lamin- 
agraphy and special pillar views will be considered. 


COURSE 203 
Wednesday 


CHARLES M. NICE, JR., M.D. 
New Orleans, Louisiana 


Roentgen Examination of the Small Bowel: 
Factors Affecting Motility, Pattern 
and Diagnosis 

A series of over 200 normal individuals was studied 
to indicate how preparation of the patient, tvpe of 
barium suspension and position of the patient atfected 
the motility and pattern of the small bowel exami- 
nation. Three very important factors influencing the 
examination were found to be the amount of fecal 
material in the cecum, the volume of the opaque 
medium, and the position of the patient while the 
procedure was in progress. 

The use of saline, suspending agents, and the use of 
micronized forms of barium also will be discussed. 
Several cases to demonstrate the value of the small 
bowel examination when properly performed will be 
presented. 





COURSE 204 
Wednesday 


ARTHUR K. FINKELSTEIN, M.D. 
Philadelphia, Pennsylvania 


Colonic Diverticulitis: A Diagnostic Problem 

The anatomy, pathology and pathogenesis of 
colonic diverticulosis and diverticulitis will be pre- 
sented. On these bases, an explanation will be offered 
for the difficulties frequently encountered in the 
roentgenologic diagnosis of diverticulitis. The con- 
flicting data concerning the incidence of diverticu- 
losis and diverticulitis will be similarly explained. 





COURSE 205 
Wednesday 
ROBERT E. WISE, M.D. 
Boston, Massachusetts 
Intravenous Cholangiography 


In the decade since its introduction, intravenous 
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cholangiography has come to represent the definitive 
procedure in the diagnosis of disease of the bile ducts. 
While rightfully not replacing oral cholecystography, 
there has been an ever-increasing tendency to em- 
ploy it when the oral study is inadequate. **Nonvisu- 
alization” of the gallbladder with an oral cholecysto- 


graphic agent no longer is sufficient evidence of 


gallbladder disease. The course will deal with these 
changing philosophies. 

The data presented have been gleaned from more 
than 10 years’ experience with over 4,000 studies. 
The majority have been subjected to detailed statis- 
tical analysis. This has permitted correlation of 
roentgenologic preoperative diagnosis and surgical 
findings. 

Roentgenographic technique and interpretation 
will be considered in detail, with emphasis on the 
application of the time-density-retention concept to 
the diagnosis of obstruction. Pitfalls have been 
analyzed and will be presented. Specific findings 
associated with calculi, tumors, strictures, fibrosis 
of the sphincter of Oddi, pancreatitis, etc., have been 
analvzed for presentation. 

The value of the procedure lies in the accuracy 
with which the presence of organic biliarv tract dis- 
ease can be confirmed or excluded in the post- 
cholecystectomy patient, relegating terms such as 
"postcholecystectomy syndrome" and "biliary dvs- 
kinesia" to the past. Although the accurate diagnosis 
of a pathologic state may lead to surgical relief, the 
exclusion of unnecessary surgical exploration is at 
least of equal value. 


COURSE 206 
and 
COURSE 306 


Wednesday and Thursday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Normal and Pathologic Roentgen Anatomy of the 
Skull, Paranasal Sinuses and Mastoids 


Course 206. Description of standard techniques 
and positions with illustrative slides for roentgen 
examination of the skull and paranasal sinuses. Com- 
parison of advantages of one projection over another 
with respect to visibility of particular structures. 
General considerations with reference to the cerebral 
and facial components of the cranium and various 
skull types. Analysis of individual bone components 
in producing the various lines and shadows seen in 
plain roentgenograms of the skull with examples of 
pathologic alteration of these normal structures. Ex- 
tension of the analysis to the study of the sphenoid, 
frontal, temporal, ethmoid, parietal and occipital 
bones in various projections. 

Course 306. Detailed roentgen anatomic analvsis 
of the paranasal sinuses, middle ear, and mastoid 
processes with description of precision roentgeno- 
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graphic techniques employed. Study of the roentgen 
features of the middle cranial fossa and their relation 
to the sphenoid sinus. Consideration of the orbits and 
optic foramina with special attention to the frontal, 
ethmoid and sphenoid bone components in various 
projections as well as the features contributed by the 
zygomatic bones. Examples of pathologic alteration 
of these normal structures will be given. In conclu- 
sion, the maxillofacial components of the cranium 
will be examined, including the lacrimal canals and 
soft tissue delineation. 





COURSE 208 
Wednesday 


WILLIAM E. GANNON, M.D. 
Brooklyn, New York 


The Localization of Intracranial Masses 
by Cerebral Angiography 

This course will consist of a method of analyzing a 
cerebral angiogram to localize a space-occupying 
lesion. It will be assumed that there is no tumor stain 
present. The various types of displacement of the 
anterior cerebral artery, the frontopolar sign and the 
falx sign will be demonstrated. The significance of 
elevation of the middle cerebral group will be dis- 
cussed. The value of the capillary and venous phases 
in the localization of mass lesions will be illustrated. 
Examples of the near and distant effects of a mass 
lesion will also be included. 


COURSE 210 
and 
COURSE 310 


Wednesday and Thursday 


SIDNEY W. NELSON, M.D. 
Columbus, Ohio 


Bronchography 

Course 210. The radiologist who can properly per- 
form and interpret bronchograms is in a position 
where he can make outstanding contributions to the 
diagnosis and understanding of many chest diseases. 
The proper therapy for any disease which affects the 
bronchial tree is often dependent upon the accurate 
determination of the nature and extent of the bron- 
chial involvement. Inasmuch as the interpretation of 
bronchograms requires considerable knowledge of the 
normal anatomy of the tracheobronchial tree and 
some of the common anatomic variations, the per- 
tinent anatomy will be discussed and illustrated. 
A good knowledge of bronchial anatomy will enable 
the radiologist to systematically identify each of the 
major segmental bronchi, because of his knowledge 
of the expected distribution of each of these bronchi. 
The identification of each of the major segmental 
bronchi is extremely important in interpretation. 

Once the basic bronchographic anatomy has been 
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considered, the details of the bronchographic tech- 
nique will be described. This will include the method 
of performing topical anesthesia, introduction of 
intranasal catheter, method of injecting contrast 
medium in order to assure systematic filling of the 
desired segmental bronchi, proper positioning of 
patient for filling of each segment, and the spot film- 
ing techniques employed to thoroughly record the 
filling of the desired segmental bronchi, This portion 
of the discussion will also include a description of 
some of the characteristic features of various contrast 
materials. The advantages of fluoroscopically con- 
trolled spot filming in comparison with conventional 
large film techniques will be emphasized. Good 
bronchographic technique can be mastered with little 
effort and can be quickly performed by the radiolo- 
gist and his technical staff, thus precluding the 
necessity for resorting to the “team” approach which 
is often so time-consuming and frustrating in large 
busy hospitals. 

Course 310. During the second session the ma- 
jority of the different types of bronchopulmonary 
pathology will be discussed including the following: 
1. Chronic bronchitis: a. spasm; b. excessive secre- 
tions; c. dilated mucosal glands; d. destruction of 
mucosa. 2. Emphysema. 3. Segmental bronchiectasis. 
4. Cystic lesions. 5. Bronchogenic carcinoma. 6. 
Pulmonary "coin" lesions. 7. Bronchial adenoma. 
8. Erosion of bronchi by adjacent calcified lymph 
nodes. 9. Inflammatory strictures. 10. Bronchial re- 
location following atelectasis of surgical removal. 

The value of bronchography in the differential 
diagnosis of many bronchopulmonary diseases will 
be emphasized throughout the course, as for instance, 
atelectasis due to bronchogenic carcinoma or other 
intrabronchial lesions. Segmental bronchiectasis 
with associated chronic pneumonic changes may 
mimic neoplasms on plain chest roentgenograms, 
but can be clearly identified by bronchographic 
methods. Chronic granulomas and other infections 
can frequently be identified by virtue of the bronchi- 
ectatic changes produced in adjacent bronchi, thus 
helping to differentiate these diseases from neoplastic 
processes. Certain pulmonary diseases have very 
specific bronchographic appearances; e.g., bronchial 
adenomata, polycystic lung, etc. 

It is hoped that this presentation will encourage 
radiologists to perform this extremely useful roent- 
genographic procedure more frequently in the future. 
In so doing, they will be able to make more signifi- 
cant contributions to the diagnosis and treatment of 
the patients referred to them for study by their col- 
leagues who are not radiologists. 
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COURSE 221 
and 
COURSE 421 


Wednesday and Friday 


CARLO A. CUCCIA, M.D. 
Baltimore, Maryland 


Course 221. Treatment of Carcinoma of the 
Endometrium 

Course 421. Radiation Therapy of Carcinoma 
of the Cervix 


Course 221. The following topics will be discussed: 
Histology and classification, radiation therapy versus 
surgery, techniques of radium therapy, importance 
of vaginal irradiation, results of radiation therapy 
alone or combined with surgery. 

The experience and the indications of external ir- 
radiation will also be presented. 

Course 421. Clinical significance of the interna- 
tional classification, techniques of radium therapy 
and external irradiation, dosimetry, individualiza- 
tion of cases, complications and their treatment, and 
results will be discussed. 

Special problems such as the treatment of car- 
cinoma of the cervical stump, carcinoma of the cer- 
vix in pregnancy and the role of surgery will also be 
considered. 

A syllabus summarizing the policies of treatment 
at the University of Maryland will be available in 
both Courses. 


COURSE 222 
Wednesday 


ORLISS WILDERMUTH, M.D. 
Seattle, Washington 


Hyperbaric Oxygenation in Radiation Therapy 
of Cancer 


Hyperbaric oxygenation will be discussed as a 
method of increasing the partial pressures of oxygen 
at the tissue level, although other modalities aimed 
at this same accomplishment will also be considered. 
The radiobiologic basis of the desire to achieve this 
will be established through a summarization of the 
voluminous literature, beginning with clinical obser- 
vations almost at the onset of radiation therapy and 
their confirmation at the laboratory level as orig- 
inally delineated by Mottram in 1932. The relation- 
ship of effects to oxygen concentration will likewise 
be discussed, as well as the modalities theorized to 
explain the action. With such a voluminous and 
broad basis, the second phase of the course will deal 
with methods of application at the clinical level and 
an attempt will be made to demonstrate that the 
three criteria of the National Research Council 
National Academy of Medicine—7.e., uniquely bene- 
ficial, practical in use, and applicable to a reasonable 
number of patients—can be satisfied at the present 
time. 
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COURSE 223 
Wednesday 


JUSTIN J. STEIN, M.D. 
Los Angeles, California 


The Management of Patients with Lung Cancer 

The experience gained in a study of approximately 
700 patients with lung cancer treated in one institu- 
tion will be presented. The end results of treatment 
using conventional roentgen-ray therapy, cobalt 6o 
teletherapy and the results of combination with 
chemotherapy and surgery will be discussed, includ- 
ing the management of complications which occur 
following treatment. 


COURSE 224 
Wednesday 


WILLIAM D. KELLY, M.D. 
Minneapolis, Minnesota 


Homotransplantation of Tissues 


Techniques permitting the successful homotrans- 
plantation of tissues have been under intensive labo- 
ratory investigation over the past 15 years and re- 
cently have seen application in man. This course will 
deal both with the fundamental biologic background 
to homotransplantation and with the present status 
of clinical work, particularly in regard to kidney 
transplantation. Major problems associated with 
current techniques will be emphasized and possible 
approaches to the solution of these problems will be 
discussed. 


COURSE 301 


Thursday 


RICHARD G. LESTER, M.D. 
Richmond, Virginia 


Selective Angiocardiography 


In this course, consideration will be given to the 
diagnostic applications of several methods of selec- 
tive angiocardiography, including right-sided cardio- 
angiography, left-sided cardioangiography, and se- 
lective thoracic aortography. 

Following an analysis of the indications for these 
various types of selective angiocardiography, there 
will be a discussion of procedural methods with spe- 
cial emphasis on roentgen techniques. 

The major portion of the session will be devoted to 
step-by-step analysis of the details of the diagnostic 
interpretation of these examinations 1n a wide vari- 
ety of congenital cardiovascular diseases. A brief 
discussion of the role of selective angiocardiograph y 
in acquired heart disease will also be presented. Em- 
phasis will be placed on the correlation of angio- 
cardiographic findings with the findings at surgery 
and necropsy. The importance of detailed analysis of 
fine changes will be stressed. The necessity of precise 
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anatomic definition of the various lesions, their vari- 
ability in different patients and their significance 
from the point of view of surgical correction will be 
brought out. 

Registrants in the course are invited to bring prob- 
lem cases for discussion and analysis following the 
formal program. 


COURSE 302 
Thursday 


ROBERT L. EGAN, M.D. 
Indianapolis, Indiana 


Over Eight Years’ Experience with Mammography 

Over 8 years’ experience has been gained with soft 
tissue roentgenography of the breast in a Tumor 
Institute with an active breast service. These studies 
have proved a highly accurate and valuable adjunct 
to the clinical and pathologic evaluation of breast 
lesions. 

A simple and readily adaptable roentgenographic 
technique will be presented. Cases illustrative of 
typical benign and malignant disease will be shown 
and the diagnostic features of each described and 
tabulated. Differential diagnosis, sources of error, 
limitations of the procedure and the clinical and 
pathologic implications of the method will be dis- 
cussed. 

The results of a statistical analysis of the first 
1,000 consecutive examinations (all with a follow-up 
from I to 8 years) will be reviewed. The error in 245 
cases of malignant disease was 0.82 per cent. 


COURSE 303 
and 
COURSE 403 


Thursday and Friday 


WILLIAM MARTEL, M.D. 
Ann Arbor, Michigan 


Rheumatoid Arthritis and Its 
Differential Diagnosis 


Course 303. In the first session various roentgeno- 
logic manifestations of rheumatoid arthritis (both 
the adult and juvenile forms) will be considered in 
detail and an attempt made to correlate some of 
these findings with the anatomy and gross pathology. 
The features of bone and joint involvement will be 
emphasized but some time will be devoted to the 
pulmonary manifestations as well. The skeletal find- 
ings in ankylosing spondylitis will be contrasted 
with rheumatoid arthritis. 

Course 403. The second session will be devoted to 
discussing a number of arthritic diseases largely 
from the viewpoint of differentiating them roent- 
genologically from rheumatoid arthritis. The possi- 
bility of making a definite diagnosis will be stressed. 
Such diseases as degenerative joint disease, gout, 
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psoriasis, Reiter’s disease, infectious arthritis, pro- 
gressive systemic sclerosis, systemic lupus erythem- 
atosus, and a number of other conditions will be 
included. 


COURSE 304 
and 
COURSE 404 


Thursday and Friday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


Course 304. Malignant Bone Tumors—Primary 
and Secondary 
Course 404. Benign Bone Tumors 


Course 304. Ín this course the roentgen charac- 
teristics of the important malignant bone tumors— 
both primary and secondary—will be illustrated. 
These will include: (1) osteogenic sarcoma, (2) 
Ewing's sarcoma, (3) chondrosarcoma, (4) sarcoma 
with Paget's disease, (5) chordoma, (6) synovioma, 
(7) myelomatosis, (8) reticulum cell sarcoma, (9) 
Hodgkin's disease, (10) lymphosarcoma, (11) leu- 
kemia, and (12) metastatic carcinoma. 

The roentgen findings will be illustrated against 
the background of a discussion of the underlying 
pathologic changes for an adequate understanding of 
these roentgen abnormalities. 

Course 404. The roentgen characteristics of the 
more frequently encountered benign bone tumors 
(and related entities) will be described and illus- 
trated. These will include: (1) nonosteogenic fibroma, 
(2) solitary osteocartilaginous exostosis, (3) heredi- 
tary multiple osteocartilaginous exostoses, (4) soli- 
tary enchondroma, (5) enchondromatosis (Ollier’s 
disease), (6) aneurysmal bone cyst, (7) giant cell 
tumor, (8) benign chondroblastoma, and several 
other entities such as osteoid osteoma, unicameral 
bone cysts and pigmented villonodular synovitis 
which are not necessarily benign neoplasms but are 
frequently included under this category. 

In all instances the roentgen findings will be eval- 
uated against the background of a discussion of the 
underlying pathologic changes for an adequate under- 
standing of these roentgen abnormalities. 


COURSE 305 
and 
COURSE 405 


Thursday and Friday 


DONALD L. McRAE, M.D. 
Montreal, Quebec, Canada 


Course 305. Anatomic and Pathologic Factors 
of Radiologic Importance in Disorders of the 
Spine 

Course 405. The Present Status of Cerebral 
Angiography 

Course 305. In patients with spinal complaints, 
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roentgenologic examinations sometimes show normal 
findings and at other times show lesions that are not 
responsible for the patient’s complaints. Sometimes 
spinal roentgenograms of asymptomatic patients 
show abnormalities that have never given rise to 
symptoms. What, then, is the value of roentgenologic 
examination of the spine? The roentgenologic exam- 
ination of the spine shows anatomic and pathologic 
facts about the bones and joints and occasionally 
about the soft tissues that cannot be determined by 
any other method in the intact patient. In order to 
determine the importance of the anatomic and path- 
ologic facts revealed by roentgenologic examination, 
careful correlation of the clinical and roentgen find- 
ings must be carried out. 

The embryology, the anatomy and the normal 
variations of the spine will be discussed. Changes in 
the spine with advancing age should be appreciated 
and special emphasis will be made on their frequency 
and distribution. Photographs, roentgenograms, and 
myelograms of some 50 excised spines will be shown. 

Course 405. Cerebral angiography has added a new 
dimension to the examination of the head and neck, 
particularly in reference to the brain and other intra- 
cranial structures. Ás in all roentgenologic examina- 
tions, a positive finding is of great value but a 
negative finding is of less exclusionary value. An 
attempt will be made to assess the role of cerebral 
angiography in subarachnoid hemorrhage, stroke, 
cerebrovascular insufficiency, expanding intracranial 
lesions, head trauma and epilepsy. 


COURSE 307 
Thursday 
GERALD D. DODD, M.D. 
Philadelphia, Pennsylvania 
ROY R. GREENING, M.D. 
Philadelphia, Pennsylvania 


SIDNEY WALLACE, M.D. 
Philadelphia, Pennsylvania 


Lymphangiography 

This discussion will include a brief review of the 
historical and experimental background of lymph- 
angiography and detail the technique, indications 
and complications of the intralymphatic injection of 
various contrast media. The roentgen appearance of 
normal lymphatic channels and lymph nodes will be 
stressed with comment on normal variants which fre- 
quently lead to erroneous interpretation. Various 
abnormal states will be illustrated and current and 
future avenues of investigation considered. Time 
will be reserved for discussion from the floor. 
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COURSE 309 
Thursday 


WALLACE M. ROY, M.D. 
Toronto, Ontario, Canada 


G. O. SUTHERLAND, M.D. 
Toronto, Ontario, Canada 


G. F. PENNAL, M.D. 
Toronto, Ontario, Canada 


Roentgen Diagnosis of Abdominal 
and Pelvic Trauma 

This course will emphasize the importance of 
proper technique and early roentgen diagnosis in 
nonpenetrating abdominal trauma, with illustrative 
examples of rupture of the spleen, liver, duodenum, 
kidney, bladder, etc. Discussion of pelvic trauma will 
be devoted primarily to the fractured pelvis. A tech- 
nique will be described for obtaining special roent- 
genograms which demonstrate precisely the position 
of the fractures and the associated abnormalities 
which have taken place at the sacroiliac joints. Se- 
lected case studies will show some basic fracture pat- 
terns and these will be correlated to the mechanism 
of the injury. A 16 mm. cine-film will also be utilized 
to demonstrate the mechanics of pelvic fracture and 
the cause of bladder rupture. 





COURSE 321 
Thursday 


MERLE K. LOKEN, M.D., PH.D. 
Minneapolis, Minnesota 


Radioisotope Scintiscanning 


Our experience in scanning of various body organs 
following radioisotopic administration will be con- 
sidered. Attention will be given to equipment and 
isotopic preparations available for scanning thyroid, 
brain, heart, lung, liver, spleen, bone and pancreas. 
Special emphasis will be placed on new develop- 
ments in scintiscanning. 


COURSE 322 





Thursday 


MARVIN M. D. WILLIAMS, PH.D. 
Rochester, Minnesota 


Preparing for an Examination 
in Radiologic Physics 

The answers given to various types of questions 
in radiologic physics, although not entirely incorrect, 
are often unsatisfactory. Frequently, the answer 
given is an equation, a numerical constant, or a 
memorized statement. The examinee frequently can- 
not tell (1) what conditions must be satisfied in order 
that the use of the equation is justified, (2) what the 
numerical constant represents, or (3) what the mem- 
orized statement means. This problem and some of 
these questions will be discussed with the aim not 
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only of indicating a correct answer but also of show- 
ing that an acceptable answer is likely to follow 
naturally when the subject matter 1s understood. 
The discussion will include suggestions from other 
examiners in radiologic physics. 


COURSE 323 
and 
COURSE 422 


Thursday and Friday 


JOHN T. MALLAMS, M.D. 
Dallas, Texas 


GEORGE A. BALLA, M.D. 
Dallas, Texas 


JAMES W. FINNEY, M.A. 
Dallas, Texas 


Regional Oxygenation 


Course 323. PartI 
Course 422. Part II 


In 1961 the authors developed regional oxygena- 
tion by infusing solutions of hydrogen peroxide 
through intra-arterial catheters. Because of a super- 
saturation phenomenon, the oxygen supply to the 
region infused varies from 1 to 4 atmospheres 
equivalent. In this Course the basic science aspects 
and the surgical techniques of this approach will be 
elaborated. The various clinical applications, espe- 
cially those in conjunction with various forms of 
irradiation will be discussed in detail, reviewing the 
results in over 150 patients so treated to date. 





COURSE 324 
Thursday 


B. J. KENNEDY, M.D. 
Minneapolis, Minnesota 


Specifics in Cancer Chemotherapy 

The large number of new anti-cancer agents pro- 
vides a means of controlling advanced malignant 
disease by the specific sequential selection of the 
proper agent over a period of time. Cancers that are 
now amenable to control by specific chemothera- 
peutic agents include cancer of the breast, prostate, 
endometrium, leukemia, lymphoma, multiple my- 
eloma, cancer of the colon, hepatoma, and tumors of 
the testis. The role of chemotherapy as an adjunct 
to radiation therapy and the role of radiation ther- 
apy as an adjunct to chemotherapy will be clarified. 

Newer drugs are in the process of being developed 
as investigational compounds. These agents include 
hydroxyurea, mithramycin, and progestational com- 
pounds. Some of these will be mentioned because of 
their important aspects in the control of tumors not 
previously controllable by chemotherapeutic agents. 

For the most effective control of advanced malig- 
nant disease, a critical assessment of the effect of 
each available chemotherapeutic agent must be 
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made so that a sequential selection of the various 
chemotherapeutic agents and radiation therapy can 
be judiciously employed. 


COURSE 401 
Friday 
KURT AMPLATZ, M.D. 
Minneapolis, Minnesota 


Angiography 

The technique of percutaneous arterial and venous 
catheterization will be described in detail. The perti- 
nent diagnostic and technical features of peripheral 
arteriography, renal arteriography, celiac axis and 
superior mesenteric arteriography, coronary arteri- 
ography, left ventriculography and trans-septal angi- 
ography will be discussed. 

Special emphasis will be placed on technical errors 
and complications and their prevention. Fifteen 
minutes will be allowed for answering questions from 


the floor, 


COURSE 402 
Friday 
GEORGE JACOBSON, M.D. 
Los Angeles, California 
HARVEY MEYERS, M.D. 
Los Angeles, California 
The Acute Abdomen: Intestinal Obstruction 
and Other Selected Conditions 
Intestinal Obstruction: A logical approach to the 
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roentgenographic diagnosis of small and large bowel 
obstruction will be presented relating the roentgen 
features to altered physiology. The recognition of 
vascular impairment will be stressed. 

Perforated Peptic Ulcer: The use of a water-soluble 
contrast medium to examine the upper gastroin- 
testinal tract of patients suspected of having per- 
forated peptic ulcer and the rationale for the pro- 
cedure will be discussed. 

Non-penetrating Injuries of the Abdomen: The dis- 
cussion will pertain to the roentgen manifestations in 
blunt trauma to the gastrointestinal tract, liver and 
spleen. 


COURSE 406 
Friday 
BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 
The Hili and Pulmonary Vessels 
The hili and pulmonary vasculature often provide 
important clues in chest roentgen interpretation. 
However, variations within the normal range are so 
broad that it often is difficult to distinguish between 
the normal and the abnormal. Working from a back- 
ground of the normal, the course will deal with min- 
imal changes in the roentgenogram which indicate 
important disease. The discussion will include the 
following areas: (1) hili, (2) pulmonary arteries, (3) 
pulmonary veins, (4) lymphatics, (5) bronchial circu- 
lation and (6) azygos system. 
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CONDENSED SCHEDULE OF COURSES 


SS 


TUESDAY 3:00 to 4:30 P.M. September 29, 1964 


aaan 


Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 


101—Marshak Stomach and Duodenum '121—Lillehei Present Status of Cardiac 








————————— Surgery 

102—Hope Abdominal Mass Lesions in. [—————————— ——. - — 
Infants and Children 122—Peters | The Place of Radiotherapy 
in the Management of Lym- 
103—Morgan Screen Intensification and phomas 
Cineradiograph y 

















123—Murphy Radiation Therapy of Skin 

104—Meszaros Roentgen Cardiology of Cancer 

Adults — 
Sa -| 124—Wizenberg | Present Indications for In- 








105—Riemen- Stenosis, Occlusion and De- terstitial Gamma Therapy 
schneider generative Disease of the in Head and Neck Malig- 
Cerebral Vessels nancies 








106—Singleton Pediatric Chest Abnormalities 
107—Wittenborg | Osseous Manifestations of 
Systemic Disease in Infancy 
and in Childhood, Part I 





108—Shehadi Radiologic Study of the 
Biliary Tract 

















109—Macmillan | Sinuses 








110—Dunbar Pediatric Urology 
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CONDENSED SCHEDULE OF COURSES 





WEDNESDAY 3:00 to 4:30 P.M. September 30, 1964 





Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 



































201—Levin Fundamental Aspects of Os- | 221—Cuccia Treatment of Carcinoma of 
seous Disease the Endometrium 
202—W eir Roentgen Diagnosis of In- | 222—Wildermuth Hyperbaric Oxygenation in 
jury of the Cervical Spine Radiation Therapy of Can- 
— -|- - — — cer 
203—Nice | Roentgen Examination of the ae 
| Small Bowel: Factors Affect- | 223—Stein The Management of Patients 
ing Motility, Pattern. and with Lung Cancer 
Diagnosis — ——|[——— —— —— - 
anni | 224—Kelly Homotransplantation of Tis- 
204—Finkelstein Colonic Diverticulitis: A sues 


Diagnostic Problem 








205—Wise Intravenous Cholangiography 





206—Etter | Normal | and Pathologic 
Roentgen Anatomy of the | 
Skull, Paranasal Sinuses and | 
Mastoids | 





207—Wittenborg | Osseous Manifestations of 
| Systemic Disease in Infancy 
and in Childhood, Part II 








208—Gannon The Localization of Intra- 
cranial Masses by Cerebral 
Angiography 





209—Macmillan | Mastoids 











210—Nelson Bronchography 
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CONDENSED SCHEDULE OF COURSES 
THURSDAY 3:00 to 4:30 P.M. October 1, 1964 


Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 


301—Lester | Selective Angiocardiography | 321—Loken Radioisotope Scintiscanning 











302—Egan | Over Eight Years’ Experi- | 322—Williams Preparing for an. Examina- 
ence with Mammography | tion in Radiologic Physics 








303—Martel Rheumatoid Arthritis and | 323—Mallams | Regional Oxygenation—Part 
Its Differential Diagnosis Balla I 
Finney 








304— Jacobson, H. Malignant Bone Tumors - — - 
| Primary and Secondary 324—K ennedy Specifics in Cancer Chemo- 
therapy 











305—McRae Anatomic and Pathologic 
Factors of Radiologic [m- 
portance in Disorders of the 
Spine 





306—Etter Normal and Pathologic 
Roentgen Anatomy of the 
Skull, Paranasal Sinuses and 
Mastoids 





307—Dodd Lymphangiography 
Greening 
Wallace 








308—Marshak | Small Bowel and Colon 








309—Roy Roentgen Diagnosis of Ab- 
Sutherland | dominal and Pelvic Trauma 
Pennal 





310—Nelson Bronchography 
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CONDENSED SCHEDULE OF COURSES 
1:30 to 3:00 P.M. October 2, 1964 


: Therapeutic Radiology, Nuclear Medicine 
Diagnostic Roentgenology P Physics and Radiobiology 
401—Amplatz Angiography 421—Cuccia Radiation Therapy of Carci- 


noma of the Cervix 
402— Jacobson,G.| The Acute Abdomen: Intes- 


Meyers tinal Obstruction and Other Regional Oxygenation—Part 
Selected Conditions II 


403— Martel Radiologic Manifestations of 
Rheumatoid Arthritis 


404— Jacobson, H| Benign Bone Tumors 


405—McRae The Present Status of Cere- 
bral Angiography 


406—Felson The Hili and Pulmonary Ves- 
sels 
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NEWS ITEMS 


AWARDS IN RADIOLOGIC RESEARCH 
AND NUCLEAR MEDICINE, JAMES 
PICKER FOUNDATION 

On behalf of the James Picker Founda- 
tion, the National Academy of Sciences 
National Research Council announces the 
award of 38 grants and fellowships to 
selected candidates for the support of re- 
search and training in radiology and nu- 
clear medicine in the academic year of 
1964-1965. The awards, in amounts total- 
ing approximately $250,000, were recently 
approved by the Foundation on recom- 
mendation of the Committee on Radiology 
of the Academy— Research Council. 

This program, now consisting of four 
categories of awards, was inaugurated by 
the James Picker Foundation in 1950, with 
the objective of broadening the scope of 
radiology in the United States and foreign 
countries. Since then, the Foundation has 
awarded Research Grants to 104 investiga- 
tors in 71 institutions, including 11 univer- 
sities or research laboratories in Canada 
and 12 overseas. In addition, 19 men have 
been supported by Scholar Grants in Radio- 
logical Research during the initial years of 
their service as university statf members. 
Through its Research Fellowships, the 
Foundation since 1950 has aided 34 voung 
men from many countries to prepare for 
scientific careers in radiologv and nuclear 
medicine. The Advanced Fellowships in 
Academic Radiology, awarded for the first 
time in 1961, reflect the increasing interest 
of the Foundation in advancing medical 
education; the appointments made thus far 
have enabled four young radiologists to 
receive special preparation for faculty posi- 
tions in medical school departments of 
radiology. 

The National Academy of Sciences- 
National Research Council is now accept- 
ing applications for fellowships and grants 
for the vear 1962-1966. Awards are made in 
four categories: 
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The .Zdvanced Fellowships in Academic 
Radiology reflect the primary interest of the 
James Picker Foundation in the develop- 
ment of personnel for careers in academic 
radiology. The purpose is to prepare the 
fellow to meet in full the intellectual de- 
mands of an academic position. Emphasis 
is placed upon the acquisition of a broad 
background in the basic sciences related to 
radiology. Preterence will be given to ap- 
plicants under 34 years of age. Completion 
of clinical training in radiology ordinarily 
will be a prerequisite. The candidate should 
be prepared to devote a minimum of 2 
vears to course work in the basic sciences 
and to the application of the techniques 
and methods of these disciplines to radio- 
logical research. In arranging the details of 
his program, the prospective fellow will 
have opportunity for consultation with 
members of the Academy — Research Coun- 
cil's Committee on Radiology. Application 
will be accepted on nomination bv a clinical 
adviser, who should be a member of the 
staff of a Department of Radiology in a 
medical school. 

Postdoctoral Research Fellowships are 
open to recent graduates who desire in- 
vestigative experience and training in radi- 
ology or nuclear medicine. While persons 
trom closely related disciplines are eligible 
to apply, candidates with some training in 
radiology and/or nuclear medicine will 
receive preference. Applicants must hold 
the M.D., Ph.D., or Sc.D. degree or the 
equivalent. Awards are for a period of 1 
vear, but requests for renewal will be con- 
sidered. 

Grants for Scholars are offered to assist 
medical schools, hospitals, and other re- 
search institutions in supporting and de- 
veloping junior statf members in radiology 
and nuclear medicine. This is a transitional 
form of support, designed to bridge the gap 
between the completion of research fellow- 
ship training and the period when the 
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young scientist has thoroughly demon- 
strated his competence as an independent 
investigator. The application is submitted 
by the institution on behalf of the prospec- 
tive scholar. If the request 1s approved, a 
grant will be made directly to the institu- 
tion as a contribution toward the scholar’s 
support, or his research, or both. Initial 
grants were made for 2 years, but renewal 
for a third vear may be recommended. 

Research Grants are designed to encour- 
age investigations in radiology and nuclear 
medicine offering promise of improvement 
in methods of diagnosis or treatment of dis- 
ease. In line with the interests of the Foun- 
dation, the program is oriented toward, but 
not necessarily limited to, the diagnostic 
aspects of these fields. Radiologic studies 
involving the use of radioisotopes fall 
within the scope of this program. Research 
grants are awarded to institutions, rather 
than to individuals. Initial awards may be 
made for 2 vears. 

Applications in these four categories will 
be reviewed by the Committee on Radi- 
ology of the Academy — Research Council's 
Division of Medical Sciences. Final deter- 
mination of awards is made bv the Founda- 
tion upon recommendation of the Division. 
Support is not restricted to citizens of the 
United States or to institutions within this 
country. 

Applications for the fiscal year 1965-1966 
should be submitted by October 1, 1964. 
Application blanks and further details may 
be obtained from the Committee on Radi- 
ology, National Academy of Sciences 





News Items 


AUGUST, 1964 


National Research Council, 2101 Constitu- 
tion Avenue, N. W., Washington, D. C. 
20418. 


CONGRESO DEL CENTENARIO DE LA 
ACADEMIA NACIONAL DE MEDICINA 
“UN SIGLO DE MEDICINA MEXICANA” 


The Centennial Congress of the National 
Academy of Medicine of Mexico was held 
from April 30 to May 6, 1964 in Mexico 
City. 

Dr. Wilbur Bailey of Los Angeles, 
California, represented the American 
Roentgen Ray Society as its Official Dele- 
gate. 

The Congress was opened by President 
Adolfo Lopez Mateos and many other local 
dignitaries, and was attended by delegates 
from all over the world. 

The usual Mexican hospitality was 
matched only by the quality of medical 
presentations, which were given in Spanish, 
English, French, and German with immedi- 
ate translations bv expert personnel. 

ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 

At the last Annual Meeting of the Associ- 
ation of University Radiologists the tollow- 
ing officers were elected for the year 1964- 
1965. 

President, John A. Campbell, M.D., In- 
dianapolis, Indiana. President-Elect, Sid- 
ney W. Nelson, M.D., Columbus, Ohio. 

Secretary-Treasurer, Alexander R. Mar- 
gulis, M.D., San Francisco, California. 

The next Annual Meeting will be held in 
Seattle, Washington, May 14 and 15, 1965. 
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THE ARMED FORCES INSTITUTE OF PATHOLOGY 


THE ARMED Forces IusrrrvrE or PATHOLOGY; 
Irs First Century, 1362-1962. By Robert 
S. Henry, A.B., LL.B., Litt.D., under the 
guidance of a distinguished Advisory Edi- 
torial Board, Office of the Surgeon General, 
Department of the Army, Washington, D. C. 
Cloth. Pp. 444 with 138 illustrations. Price, 
$4.25. Superintendent of Documents, U.S. 
Government Printing Office, Washington, 
DE. 

In this volume a complete history of the cor- 
nerstone [nstitute in pathology is presented as 
an excellent source document for all medical 
personnel. It is unique among medical publica- 
tions in that it traces from its humble begin- 
nings an organization which today is known 
internationally as the study and research center 
in the pathology world. 

One can follow, from a small Medical Mu- 
seum in the Civil War days, thecollection proc- 
ess of pathologic material and the broadening 
research, study, and ultimate teaching pro- 
grams as they developed. The Walter Reed 
story is vividly described showing his work in 
the ultimate triumph over typhoid fever. The 
American Registry of Pathology movement, its 
beginnings, build-up, and present operating 
procedures are presented. The Atlas on Tumor 
Pathology and the wealth of studv loan mate- 
rial available to students of medicine are also 
treated in detail and give the reader a complete 
background on the work itself and its products. 

A chronologic synopsis of the events of the 
first 100 years of the Institute leading to such 
important achievements is most impressive. 

On May 21, 1862 Surgeon General, William 
Alexander Hammond, issued Circular No. 2, 
establishing the Army Medical Museum and on 
June 9, 1862 he issued Circular No. 5, providing 
for the publication of the great “Medical and 
surgical History of the War of Rebellion." 

On April 15, 1865, autopsy upon the body of 
President Abraham Lincoln was performed bv 
Drs. Woodward and Curtis and on April 29, 
1865 upon the body of John Wilkes Booth by 
the Museum's pathologists. On September 19, 
1881 the body of President James A. Garfield 
was autopsied by Dr. Lamb, with Dr. Wood- 
ward as recorder. On June 30, 1882 Dr. Lamb 
also autopsied the bodv of Charles J. Guiteau, 
the assassin of President Garfield. 
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On November 9, 1887 the Museum moved 
into a “Red Brick" building, its fifth home and 
on April 12, 1892 the Congress recognized the 
scientific status of the Museum. On September 
8, 1893 Walter Reed was appointed Curator of 
the Museum. 

The first use of x-ray plates in the Museum is 
recorded on June 10, 1396. 

From 1398 to rgor special orders were issued 
designating Typhoid Fever and Yellow Fever 
Boards, and on February 6, 1901 Walter Reed 
presented his findings on transmission of vellow 
fever before the Pan-American Medical Con- 
gress in Havana. Walter Reed died on Novem- 
ber 22, 1902. 

The Army Medical Museum kept its original 
name until after World War II, when on June 7, 
1946, it was renamed the Army Institute of 
Pathology and a Scientific Advisory Board was 
established. 

In 1949, the U. S. Navy and Air Force joined 
forces with the Army. The Institute became a 
total effort of the Armed Services and on July 6, 
1949 1t was officially designated as the Armed 
Forces Institute of Pathology (AVIP). 

On July 10, 1951 ground was broken for a 
new building and in February, 1955 the Insti- 
tute moved into this "Great Building," its 
sixth home, in the Walter Reed Army Medical 
Center. 

In the 99th year of its existence, the Institute 
was partially reorganized to bring into sharper 
focus the contributions of its many activities. 
Because of the shortage of space even in the 
new building, in 1962 the Museum and certain 
offices of the Institute were returned to the 
old “Red Brick," which will be modernized in 
several aspects. 

As the Institute enters the second century of 
its life, it consists of 4 principal departments 
The Department of Pathology; The American 
Registry of Pathology ; The Medical Illustration 
Service; and The Medical Museum-- and the 
Administrative services applving to all four 
departments. 

The registries, of which there are 27, consti- 
tute an extremely important link between the 
various medical specialties and the staff of the 
Institute in. the consultation, research, and 
education, which are their common objectives. 
The Registry of Radiologic Pathology was in- 
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itiated in 1947 and is jointly sponsored by the 
American College of Radiology, the Radio- 
logical Society of North America, and the 
American Roentgen Ray Society. 

This magnificent volume, which was written 
by Robert S. Henry, A.B., LL.B., Litt.D., 
under the guidance of a distinguished Advisory 
Editorial Board, contains many fine documen- 
tative illustrations of great historical interest. 
It is prefaced by Lieutenant General Leonard 
D. Heaton, The Surgeon General. A glimpse 
into the future is expressed in the following 
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words of the last chapter of Dr. Henry's his- 
tory: "The Museum—Institute has done much 
in the first century of its life to add to 'the sum 
of knowledge’. As the frontiers of medical 
knowledge continue to expand, as opportunity 
for fruitful research is enlarged, as the appara- 
tus of investigation and the techniques of re- 
search and communication improve, there is 
every reason to anticipate even greater con- 
tributions in the second and succeeding cen- 
turies.” 
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THE Lower ESOPHAGEAL VESTIBULAR COM- 
PLEX. Costantino Zaino, Associate Clinical 
Professor of Radiology, New York Univer- 
sity Medical Center; Maxwell H. Poppel, 
Professor and Chairman, Department of 
Radiology, New York University Medical 
Center, Director of Radiology, Bellevue and 
University Hospitals; Harold G. Jacobson, 
Professor of Clinical Radiology, New York 
University Medical Center; and Harold 
Lepow, Visiting Assistant Professor of Path- 
ology, Albert Einstein College of Medicine, 
New York. Cloth. Pp. 272, with 125 illustra- 
tions and 6 tables. Price, $12.75. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Il., 1963. 
The authors have studied the lower esopha- 

gus and especially its closing mechanism. The 

results of their studies are: (1) that an intrinsic 
mechanism exists and is located in the segment 
of the esophagus referred to as the vestibule by 

Lerche; (2) that pinching of the lower esophagus 

is not due to the pinchcock action of the esopha- 

geal hiatus, but to the sphincteric action of the 

vestibule which contracts in its entirety; (3) 

that this action is helped by the pull of the 

phrenesophageal membrane which surrounds 
this segment; (4) that the vestibule is limited 
above and below by the upper and lower attach- 
ment of the phrenesophageal membrane; and 

(5) that the vestibule is a specific entity with a 

specialized action and function characterized by 

a weak sphincteric mechanism. The authors call 

this sphincteric mechanism "the lower esopha- 

geal vestibular complex." 

Two of the chapters of the book deal with the 
gross anatomy and with the histology of this 
region. These chapters are abundantly illus- 
trated by highly instructive photographs of 
specimens. Other chapters deal with the roent- 
gen anatomy, physiology, hiatal insufficiency 
and hiatal hernia, the functional disturbances 
and organic lesions. Many roentgenographic 
reproductions and drawings illustrate the ex- 
perimental and clinical findings. The chapter on 
standard and special roentgenologic methods is 
extremely interesting. The result shows that 


the closing mechanism is centered in the esopha- 
geal vestibular complex. 

The book is well written; the illustrations are 
clear, instructive and of great value. At the end 
of each chapter the references are listed; an 
index helps considerably in the perusal of the 
material. 

The authors are to be congratulated on their 
excellent work which will be very useful to all 
those interested in roentgenology, gastro- 
enterologv, and internal medicine. It will be the 
standard work for every medical library. 

Franz J. Lust, M.D. 


Wortp Direcrory or Mepicat ScHOooLs, 
Third edition. World Health Organization, 
Geneva, 1963. Pp. 347. Price, $6.75. Avail 
able through Columbia University Press, 
International Documents Service, 2960 
Broadway, New York, N. Y. 10027, 1963. 


Like the Second Edition which was published 
in 1967, this edition of the World Directory of 
Medical Schools outlines the salient features of 
undergraduate medical education in each 
country and lists its medical teaching institu- 
tions, giving the address, year of foundation, 
number of teaching staff, total enrollment, 
figures for admission and graduation, and 
annual tuition fees (in local currency). Each of 
the 87 countries included in the Directory 
forms the subject of a separate chapter, which 
is prefaced by a few pertinent data—the popu- 
lation, number of medical schools, number of 
physicians, their ratio to the population, etc. 

In most instances the information contained 
in the Directory was provided by the health 
authorities of the countries concerned; figures 
for enrollment, admission, graduation, etc., 
were, however, obtained directly from the 
schools themselves. In general, this Third Edi- 
tion of the World Directory of Medical Schools 
reflects the situation in the various countries 
during the academic year 1960/61, but if more 
recent information has been available (for ex- 
ample, on the founding of new schools) it has 
been incorporated. In addition, the present 
edition has been enlarged bv the inclusion of 
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information (where available) on regulations 
covering the admission of foreign students to 
medical schools, and on conditions governing 
the practice of medicine by: (1) nationals with 
foreign qualifications; (2) foreigners with 
foreign qualifications; and (3) foreigners who 
have qualified in the country. 

It is hoped that the World Directory of 
Medical Schools will prove to be a useful source 
of reference, enabling its readers to familiarize 
themselves with the system of medical educa- 
tion in any country, to seek information on the 
training institutions existing therein, and to 
analyze medical education on a world basis. 


BOOKS RECEIVED 


Recent Apvances IN RaproLocv. Fourth edition. 
Edited by Thomas Lodge, M.B., Ch.B. (Sheff.), 
F.F.R, F.C.R.A. (Hon), D.M.R., Consultant 
Radiologist, United Sheffield Hospitals; Lecturer 
in Radiodiagnosis, University of Sheffield. Cloth. 
Pp. 346, with 166 illustrations. Price, $14.00. 
Little, Brown and Company, 34 Beacon Street, 
Boston, .1964. 

Lune Cysts: A CriNICArL RaDIOLOGICcAL Stupy. By 
S. Brünner. Paper. Pp. 166, with many illustra- 
tions. Munksgaard, Copenhagen, 1964. 

THE TEMPOROMANDIBULAR Joint. Second edition. 
Edited by Bernard G. Sarnat, M.D., D.D.S., M.S., 
F.A.C.S., Attending Staff, Division of Plastic 
Surgery, Department of Surgery, Cedars of 
Lebanon and Mount Sinai Hospitals, Los Angeles; 
Formerly, Professor and Head, Department of 
Oral and Maxillofacial Surgery, College of Den- 
tistry, and Clinical Assistant Professor of Plastic 
Surgery, Department of Surgery, College of Medi- 
cine, University of Illinois; Diplomate American 
Board of Plastic Surgery. Cloth. Pp. 260, with 
many illustrations. Price, $12.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Hl., 1964. 

Driacnostic Ungorocv. Edited by James F. Glenn, 
M.D., F.A.C.S., Professor of Urology and Chief, 
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Division of Urologic Surgery, Duke University 
Medical Center, Durham, N.C. Cloth. Pp. 415, 
with 287 illustrations, Price, $13.50. Hoeber Medi- 
cal Division, Harper & Row, Publishers, Inc., 49 
East 33rd Street, New York 16, N. Y., 1964. 

Tecnica E MraroporoarA RapnioLooicHg: Basi 
FisicHE ED APPLICAZIONI DriAGNOsTICHE. Fourth 
edition. By Prof. Rosario Corseri, Libero Docente 
de Radiologia, Istituto di Radiologia dell'Uni- 
versita di Bologna. Cloth. Pp. 928, with 1174 
illustrations, Price, L. 12,000. Cedam, Casa 
Editrice Dott., Antonio Milani, Padova, Italy, 
1964. 

RapraTion Protecrion. Recommendations of the 
International Commission on Radiological Protec- 
tion. (As Amended 1959 and Revised 1962.) 
ICRP Publication 6. Cloth. Pp. 70, with some 
tables. Price, $3.75. A Pergamon Press Book, The 
Macmillan Company, 60 Fifth Avenue, New York 
Ir, N. Y., 1964. 

MepicaL Care IN TRANSITION. Reprint from the 
American Journal of Public Health, 1949-57. Vol- 
ume lI. Edited by the Division of Community 
Health Services, U. S. Public Health Service in 
Cooperation with Medical Care Section, American 
Public Health Association. Paper. Pp. 433, with 
many tables. Price, $2.50. Superintendent of Docu- 
ments, U. S. Government Printing Office, Wash- 
ington, D. C., 20402, 1964. 

Mepicat Cars IN Transition. Reprints from the 
American Journal of Public Health 1958-62. Vol. 
ume II. Edited by the Division of the Community 
Health Services, U. S. Public Health Service in 
cooperation with Medical Care Section, American 
Public Health Association. Paper. Pp. 389, with 
some tables. Price, $2.25. Superintendent of Docu- 
ments, U. S. Government Printing Office, Wash- 
ington, D. C., 20402, 1964. 

Une RADIOGRAPHIE DU CRÂNE. SAVOIR Inrer- 
PRETER. By Lucien Appel, Neuro-radiologiste de 
la Fondation Bunge, Anvers: and Jacques Simon, 
Attaché au Service de Neuro-radiologie de Hôpital 
de la Pitié Paris, France. Paper. Pp. 181, with - 
some illustrations. Albert de Visscher, Editeur, 
Rhode-St-Genése, Belgium, 1964. 
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BismuTH, V., Picnanp, R., Paoracair, J.-A., 
and Desray, Cu. Anatomie radiologique de 
la valvule de Bauhin. (Radiologic anatomy 
of the ileocecal valve [Bauhin’s valve].) 7. 
de radiol., d'électrol. et de méd. nucléaire, 
Nov., 1963, 44, 717-725. (From: Service 
Central de Radiologie de l'Hópital Bichat, 
Paris, France.) 


The purpose of this paper is to analyze the roent- 
genologic appearance of the ileocecal valve and to ex- 
plain how the image is formed. The study is based on 
20 specimens of the ileocecal junction after their 
fixation with formol in a distended state. The ana- 
tomoroentgenologic correlation was made with the 
aid of roentgenograms of anatomic sections, and 
moulds. 

In slightly over 50 per cent of the cases, the valve 
appears as a horizontal fold forming, with the frenum 
of Morgagni, a falciform projection, concave at its 
free end, and marking the separation between the 
cecum and the rest of the colon. On its superior sur- 
face there is no visible demarcation between the 
frena and the superior lip. 

The ileal orifice is always located on the interior 
surface of this fold. It is ovoid or rounded; the free 
border may be enlarged bv fat. 

In the remainder of the cases, the frena are inserted 
at the level of the commissures, so that the superior 
lip appears prominent. Its free end is frequently 
convex. The lower lip may terminate at the same 
level as the superior one, or more often, it is drawn 
back from it. The orifice is sometimes slit-like. 

The papillary or hemispheric aspect of the ileo- 
cecal valve has not been encountered, but this may be 
explained by the nonphysiologic state of the speci- 
mens. The authors were not able to find anv parietal 
formation or thickening corresponding to the ceco- 
colic sphincter. In some cases, the lateral extension 
of the frena reached far enough to realize an oblique 
annulus of stricture, because the anterior and poste- 
rior frena were not at the same level. 

The roentgenologic images obtained with these 
overdistended specimens are comparable to those 
obtained by a barium enema study in live patients. 
The barium enema examination does not reveal the 
functional aspect of the ileocecal sphincter because 
of the atony of the sphincter concomitant with the 
ileal reflux and the cecal distention. 

In a tangential view, the general aspect is a 
grossly triangular central opacity, bordered by two 
translucent bands. 

The upper band may be divided into two sections: 

(a)—A posterior zone, very radiolucent, without 
any barium superimposed. It corresponds to the pro- 
jection of the anterior frenum and the posterior half 
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of the upper lip. In a patient this section could be 
interpreted as a short lip, if the film was underex- 
posed. 

(b)—An anterior zone, less radiolucent by barium 
superimposition. It represents the projection of the 
anterior half of the upper lip and the inner part of 
the posterior frenum. 

The /ower band is formed by the lower lip, gen- 
erally of a homogeneous radiolucency due to the 
projection of the posterior part of both frena. 

The lateral part of the posterior frenum appears as 
a horizontal semitranslucent band, prolonging the 
upper lip or arising at the ileal orifice. In some cases, 
the posterior frenum indents the lateral border of the 
colon, producing an annular narrowing similar to a 
cecocolic sphincter, and is probably secondary to 
cecal distention. 

The roentgenologic investigation of the ileocecal 
valve by barium enema gives reliable morphologic 
information, especially after insufflation. Its func- 
tional study should be undertaken after oral ad- 


ministration of barium, which is physiologically 
preferable.—H. P. Lévesque, M.D. 


Hupak, A. Le transit accéléré du grêle aprés 
prostigmine. (Accelerated transit through 
the small bowel after prostigmine.) 7. de 
radiol., d'électrol. et de méd. nucléaire, May, 
1963, 44, 238-241. (Address: 22, Rue de 
Léningrad, 22, Paris 9*, France.) 


Two teaspoonfuls of thick barium are quite enough 
to delineate the small bowel, declares the author, 
stating that when such a small quantity is followed 
by the eating of ice particles and the injection of 
prostigmine the meal reaches the ileocolic valve in 
from one-half to two and a half hours. 

The method is successful in. demonstrating not 
only organic but functional conditions and avoids 
the distressing overlap of shadows which results from 
the use of larger quantities of opaque material.— 


Frank A. Riebel, M.D. 


Mosca, Linio G., Cnoprr, CanLos J., LAscaNo, 
Raur, and Sayaco, RosEÉnmro. Examen 
farmacoradiologico del colon con un 
ganglioplegico por via rectal. (Radiologic 
examination of the colon with a spasmolytic 
drug given by rectum.) Radiologia, Panamá, 
Dec., 1963, 74, 17-21. (From: Hospital 
Córdoba, Córdoba, Argentina.) 


In order to differentiate spasm from organic lesions 
in the large bowel, the authors have used a new drug: 
N-butyl-hyosciamine bromide. The drug can be 
given intravenously or mixed with the barium enema 
at a dose of 400 to 600 milligrams. It is unique in that 
it acts preferentially on the intramural ganglia of 
hollow viscera, rather than diffusely over all cho- 
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linergic synapses. When administered intravenously, 
the injection is given during the barium enema 
study, and as its action is fast, one needs to wait only 
10 minutes before proceeding with the examination. 
If one anticipates a bowel stenosis or spasm, the drug 
may conveniently be given mixed with the barium 
suspension. As the spastic bowel is relaxed, one can 
usually decide whether there is an organic lesion, a 
tumor, or inflammation associated with it.—F. 


Comas, M.D. 


Dox1aDEs, T., SrERGIOv, L., Yiorsas, Z., and 
Tsirsanis, D. X-ray films in the diagnosis 
of chronic amoebic hepatitis. Brit. M. F., 
Feb. 8, 1964, 7, 343-346. (From: First 
Department of Medicine, Department of 
Radiology, and Gastroenterology Centre, 
Evangelismos Medical Centre, Athens, 
Greece.) 


Chronic amebic hepatitis has only recently been 
established as a clinical entity. A negative stool 
examination does not rule out amebiasis, so another 
method of diagnosis was conceived by observing 
roentgen changes in the diaphragm in cases of amebic 
hepatic abscess. A bulging is noted medially and an- 
teriorly in the right hemidiaphragm, and in the event 
that the abscess ruptures into the subdiaphragmatic 
space, there isa characteristic elevation of the anterior 
and medial portions of the right hemidiaphragm. In 
pyogenic abscesses of the subphrenic space there is a 
characteristic bulge of the posterior and lateral por- 
tions of the right hemidiaphragm. There was noted 
an accompanying enlargement of the liver in most of 
the observed cases which was measured by drawing 
two parallel lines through the highest subphrenic 
part of the liver and the lowest extension of its right 
border, letting the distance between the lines repre- 
sent the degree of enlargement. 

Observations on liver size were made on each of 
2,641 routinely admitted cases and 485 instances of 
hepatic enlargement were found. Two hundred of 
these were discarded either because the enlargement 
was not significant, or it could be explained on an- 
other basis. Of the remaining 285, Entamoeba histo- 
lytica was eventually discovered in the stool in 60 
cases, and the remaining 225 were suspected of 
amebiasis by history and clinical findings. The symp- 
toms were diffuse abdominal pain, alternating con- 
stipation and diarrhea, mucus in the stool, abdominal 
tenderness, dizziness, weakness, malaise, etc. After 
treatment with only anti-amebic agents, there was 
clinical improvement in 77.4 per cent of the cases, 
and roentgen evidence of decrease in liver size in 68 
per cent. 

All the cases reported were from Greece, and most 
of them had not been out of continental Europe. The 
authors stress the importance of distinguishing be- 
tween amebic dysentery and amebiasis, which they 
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feel is endemic all over the world, and including 
chronic amebiasis in the differential diagnosis of 
illness more frequently.— Sam W. Campbell, M.D. 


KissELER, B., Leistner, G. H., and BARTH, 
E. Zur Darstellung des Pankreas im 
Rontgenbild. (Demonstration of the pan- 
creas by roentgenography.) Fortschr. a. d. 
Geb. d. Röntgenstrahlen u. d. Nuklearmedizin, 
Mar., 1964, 700, 309-318. (From: Med. 
Universitatsklinik, 5300 Bonn-Venusberg, 
Germany.) 


A physiologic procedure devised by the authors 
has been successful in demonstrating the pancreas in 
22 patients without any untoward complications. 
The method consists of the simultaneous injection of 
secretin and urografin after retroperitoneal insuffla- 
tion and distention of the stomach. A retroperito- 
neum is induced by the administration of 800 cc. of 
oxygen. The stomach is distended by means of an 
effervescent powder. With the patient in the supine 
and right lateral recumbent position, biplane lamina- 
grams are taken simultaneously. It is advisable to 
have the patient rotate for 10 minutes, alternatingly 
on the right and left sides as well as supine and prone 
to effect a more even distribution of the oxygen. An 
injection of 20 cc. urografin is made in combination 
with 1 unit of secretin/kg. body weight. If necessary, 
another tablet of effervescent powder is given to 
distend the stomach. Forty minutes after the injec- 
tion, laminagrams are made as before. 

It has been shown that secretin produces an in- 
crease in proteochylic and hydrochylic secretions. 
The flow of blood through the pancreas is increased 
and renders this organ more opaque, especially by 
contrast with the radiolucent, neighboring stomach 
and retroperitoneal space. The higher alkalinity in 
the stomach also acts as a stimulus for greater pan- 
creatic secretion, No attempt as yet has been made 
to correlate the degree of opacification with the 
function of the pancreas.— 7. Zausner, M.D. 


Natro, SEIJI, Iwara, Ryuzapuro, and SAITO, 
Tosuro. Etudes sur la cholécystokinine: 
son mode d'action sur la contraction de la 
vésicule biliaire. (Studies on cholecystokinin: 
its mode of action on gallbladder contrac- 
tion.) Presse méd., Dec., 1963, 77, 2688- 
2689. (From: Service de Médecine Interne 
de l'Université de Juntendo, Tokio, Japan.) 
The authors present the results of in vitro experi- 

mental studies of cholecystokinin (CCK) on muscu- 

lar fragments of the gallbladders of dogs. A direct 
action of CCK on the gallbladder fragment was ob- 
served, and following an electrical stimulus, the con- 
traction was stronger and lasted longer. 

They also report their experimental studies on live 
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animals (dogs, rabbits, hamsters). The pressure in 
the common bile duct and the tonus of Oddi’s 
sphincter were registered at the same time as the 
femoral arterial pressure, respiration and motor 
function of the duodenum. The common duct pres- 
sure rose rapidly after the intravenous injection of 
CCK. After 20 minutes, it reached a maximum of 
20-30 cm. of HO. This rise is caused by a visible 
gallbladder contraction and not by hypercholeresis. 
The tonus of Oddi’s sphincter first diminished after 
the injection of CCK, then it increased. The motor 
function of the small bowel and colon was greatly 
stimulated, although its latency period was longer 
than that of the gallbladder. There was no change in 
the arterial pressure or the respiratory rate. Section 
of the cystic artery inhibited the action of CCK on 
the gallbladder but not on the small bowel. Bilateral 
vagotomy did not alter the effect on these organs. 
Pilocarpine and pituitrine by intravenous injection, 
and egg-yolk or magnesium sulfate by oral admin- 
istration, have been found much less etfective than 
CCK on the contraction of the gallbladder. 

The smooth muscles of the gallbladder did not 
react to acetylcholine, insulin, or histamin as did 
those of other organs; no change was noted in the 
common duct pressure, while the arterial pressure was 
reduced and the intestinal motor function was en- 
hanced. 

Bethanecol chloride provoked a gallbladder con- 
traction, though less strongly than did CCK, but it 
markedly increased the intestinal motor function. 

The authors end with a comment on their clinical 
observations. The opacified gallbladdder contracts 
rapidly after the intraveuous injection of CCK. The 
contraction starts at the infundibulum, then extends 
to the body. Radiocinematographic studies also re- 
veal contraction of the duodenum and of Oddi's 
sphincter. By duodenal tubing, the authors suc- 
ceeded with an injection of CCK, in obtaining bile B 
in a case of biliary dyskinesia, where instillation of 
olive oil and procain failed to produce it.—H. P. 
Lévesque, M.D. 


Fink, Howarp E., Jr., RokeNiGK, WILLIAM J., 
and WirsoN, GEorcE P. An experimental 
investigation of the nephrotoxic effects of 
oral cholecystographic agents. dm. Y. M. 
Sc., Feb., 1964, 247, 201-216. (From: De- 
partment of Radiology, University Hospital 
and School of Veterinary Medicine, Ohio 
State University, Columbus, Ohio.) 

The authors present a detailed study of the an- 
atomic and clinical pathologic renal changes occur- 
ring in 3 groups of $ dogs given different oral 
cholecystographic agents, ipodate sodium, iopanoic 
acid, and bunamiodyl, following artificially induced 
extra-hepatic biliary obstruction. The rationale for 
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this study stemmed from the knowledge that normal 
dogs and patients have shown no evidence of renal 
damage after ingestion of large doses of oral chole- 
cystographic agents, while 17 of the 22 patients re- 
ported since 1959 with acute renal failure following 
ingestion of these agents had definite evidence of 
liver or gallbladder disease at the time of chole- 
cystography. Two other patients in this group had 
questionable liver disease, 7 of the 17 were jaundiced, 
none had clinical or laboratory evidence of renal 
disease. 

It was the feeling of the authors and others that 
the nephrotoxic effects of the cholecystographic 
agents were related to the higher load of these sub- 
stances presented to the kidney when the hepatobil- 
lary route of excretion was diminished or absent. 
(Normally less than half of the absorbed dose is ex- 
creted in the urine; the rest is excreted with the bile.) 

Twenty dogs, all free from liver or renal disease, 
had ligation of the common bile duct. After the total 
serum bilirubin reached 2 mg. per cent, the labora- 
tory parameters of liver and renal disease were ob- 
tained, and the 15 dogs in the experimental groups 
were given sufhcient oral cholecystographic agent 
via gastric tube to represent an assumed absorbed 
dose of 0.5 mg. per kg. (for this purpose, the absorp- 
tion corrections used were iopanoic acid 45 per cent, 
bunamiodyl 85 per cent, and ipodate sodium 70 
per cent). 

Three days later the laboratory tests were repeated 
and the animals sacrificed. The liver parameters of all 
animals reflected an obstructive jaundice; and histo- 
logically bile stasis, hepatic cellular degeneration and 
periportal infiltration were seen. The control group 
showed no changes in renal function throughout. The 
renal parameters of the experimental group showed 
elevations of blood urea nitrogen and creatinine 
with a tendency to fixation of the urine specific 
gravity at 1.010. Histologically changes of tubular 
degeneration predominated; however, histologic 
abnormalities were noted in several instances where 
laboratory values were normal. Ipodate sodium pro- 
duced the most marked abnormalities while bun- 
amiodyl produced the least. Quantitative compari- 
son of the agents is not warranted, however, because 
of the possibility that the dose of each agent absorbed 
differed from that calculated with the use of correc- 
tion factors. 

The authors discuss the proposed mechanisms of 
production of the tubular changes, including hypo- 
tension, local ischemia, crystallization of contrast 
agent, enzyme interference, osmotic and electrolyte 
disturbance. Blood pressure monitoring during sur- 
gery and for 30 minutes after ingestion of contrast 
agent showed no evidence of hypotension, but the 
occurrence of hypotension after that time was not 
excluded by the experiment. The histologic tubular 
changes were not those seen typically with the well- 
known nephrotoxins such as bichloride of mercury.— 


Fon D. Shoop, M.D. 
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Rocers, LEE F. Asplenia: report of a case 
diagnosed antemortem on the basis of 
roentgenograms. Radiology, Feb., 1964, $2, 
258—261. (Address: Radiology Service, Sec- 
ond General Hospital, APO 180, New York, 
Phe Ko 


Asplenia is a syndrome of congenital abnormalities 
consisting of absence of the spleen, cardiac defects, 
and various degrees of visceral symmetry. The most 
frequent cardiac abnormalities are: a common atrio- 
ventricular valve with or without cor biloculare; 
septal defects; right aortic arch; transposition of the 
great vessels; truncus arteriosus; and pulmonary 
stenosis or atresia. Symmetric lobulation of the 
lungs, usually each lung consisting of 3 lobes, is found 
in about $0 per cent of the cases; symmetry of the 
liver is found in about 40 per cent of the cases. 

The etiology and pathogenesis of asplenia are un- 
known, but apparently the closely related embryo- 
logic development of the structures involved is inter- 
fered with by some agent during the ovulation age of 
20 to 36 days. 

A case is presented which was diagnosed on the 
basis of roentgenographic findings. The prenatal 
history revealed that the mother had been subjected 
to multiple diagnostic roentgenographic procedures 


during the second to fifth weeks of gestation.—Aa/pZ 
Bowman, M.D. 


Nice, CHARLES M., Jg, and Mouton, 
Ramon A. Pneumoperitoneum in infancy 
and childhood. South. M. F., Mar., 1964, 
57, 348-355. (From: Department of Radi- 
ology, Tulane University School of Medicine 
and Department of Diagnostic Radiology, 
Charity Hospital, New Orleans, La.) 


Pneumoperitoneum in infants and children usually 
results from perforation of a gas-containing viscus 
and is associated with a high mortality rate. If surgi- 
cal corrective measures can be begun before perfora- 
tion or very soon thereafter, the outlook for recovery 
of the patient is greatly improved. 

Signs of respiratory distress, abdominal distention, 
and persistent vomiting should alert one to obtain 
supine and upright or lateral decubitus roentgeno- 
grams of the abdomen to determine the presence of 
unusual distention or free intraperitoneal gas. 

Perforation of the stomach in infants is caused by 
or associated with gastric gavage, peptic ulceration, 
obstructive lesions, and congenital defects of gastric 
muscle. Six representative case reports are included. 

Perforation of the duodenum result: from peptic 
ulceration or distention produced by stenosis, atresia, 
or adhesive bands distally. With obstructive lesions 
in the duodenum or jejunum, there is usually per- 
sistent vomiting and severe distention of the stomach 
and duodenum down to the level of the obstruction, 
which is outlined by gas, thus making the use of posi- 
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tive contrast material unnecessary. Three interesting 
cases are described. 

Perforation of the jejunum and ileum in infants is 
usually due to stenosis or atresia of the small bowel 
with inspissated meconium and gaseous distention 
proximally. One case of meconium ileus with rup- 
ture of the ileum is described. 

Perforation of the colon is secondary to obstruction 
caused by Hirschsprung’s disease, omphalocele, 
inspissated feces or adhesive bands. Some of these 
may be associated with a congenital defect of the 
muscle layer as described in the stomach. Five case 
histories are presented. 

Pneumoperitoneum in infants is of serious import. 
Twelve of the 16 patients reported here died. Only 
early diagnosis and prompt surgical intervention will 
lower the high mortality rate of this condition.— 


Francis P. Shea, M.D. 


GYNECOLOGY AND OBSTETRICS 


KERR: M. G., Seory, D, B, and SAMUEL 
Eric. Studies of the inferior vena cava in 
late pregnancy. Brit. M. J., Feb. 29, 1964, 
I, §32-533. (Address: Dr. M. G. Kerr, 
Department of Obstetrics, University of 
Edinburgh, Edinburgh, Scotland.) 


For several years the concept of inferior vena caval 
occlusion in the supine position in late pregnancy has 
been current in obstetric teaching. It has been gen- 
erally thought that severe occlusion occurs in a small 
minority of cases, giving rise to the well-known 
supine hypotensive syndrome. 

Other findings were interpreted as indicating that 
in late pregnancy, in the supine position, the inferior 
vena cava is normally completely occluded and con- 
sequently the venous return is ensured by alternative 
collateral channels. In an attempt to elucidate this 
situation it was necessary to supplement these ob- 
servations on inferior vena caval pressure with an 
investigation of inferior vena caval flow. This has 
been achieved by roentgenologic studies of the in- 
ferior vena cava in late pregnancy. 

Catheterization of both femoral veins was per- 
formed by percutaneous puncture. Both catheters 
were passed along the femoral vein as far as the junc- 
tion of the internal and external iliac veins, this site 
being determined approximately by mensuration. 
Then 20 ml. of 60 per cent urografin was injected by 
hand pressure and a single roentgenogram was taken 
as the injection was completed. The above procedure 
was carried out under anesthesia immediately prior 
to cesarean section. After the first roentgenogram 
had been made cesarean section was carried out, the 
catheters being left 7» situ and isolated from the 
operative field. After the uterovesical peritoneum 
had been reconstituted and before closure of the 
abdomen, the uterus was lifted forwards by long- 
stay sutures in the round ligaments. A second bolus 
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of opaque medium was injected and another roent- 
genogram taken. This allowed the inferior vena cava 
to be visualized in the absence of any compression 
by the uterus. 

It was found that in 10 out of the 12 cases ex- 
amined, complete obstruction to the passage of the 
opaque medium occurred at the level of the bifurca- 
tion of the inferior vena cava. In the other 2 instances 
a degree of partial obstruction was noticed, the left 
common iliac being more markedly atfected than the 
right. The venous return passed by means of the 
ascending lumbar veins and the complex of veins 
surrounding the spinal canal. These veins terminated 
at a higher level in the azvgos veins. 

[n the 3 patients undergoing cesarean section a 
roentgenogram was obtained after emptying the 
uterus. All of these postoperative roentgenograms 
demonstrated a normal patent inferior vena cava, 
although a minute quantity of contrast material 
could be seen passing into the lower parts of the 
ascending lumbar veins. 

These findings make untenable any explanations of 
the supine hypotensive syndrome which is based on 
occasional occlusion of the inferior vena cava. It ap- 
pears that inferior vena caval occlusion is the rule 
rather than the exception, and that it is the variable 
adequacy of the collateral channels which determines 
the effect of the supine position on the venous return. 


—Eugene T. McDonald, M.D. 


ScHiAvi, G. F., and PasqvuiNELLI, V. Linfo- 
granuloma e gravidanza: problemi prog- 
nostici e radioterapici. (Lymphogranuloma 
and pregnancy: prognostic and radiothera- 
peutic problems.) Radiobiologia, Radio- 
terapia e Fisica Medica, July-Aug., 1963, 78, 
239-248. (From: Istituti di Radiologia e del 
Radio dell'Università di Bologna, Bologna, 
Italy.) 

The authors consider Hodgkin's disease during 
pregnancy from four points of view: (1) influence of 
lymphogranuloma on fertility; (2) influence on 
pregnancy; (3) effects on the fetus; and (4) radio- 
therapeutic indications. 

Some investigators maintain that Hodgkin's dis- 
ease not only affects the entire organism adversely 
but has a direct action on the ovarian function. It is 
felt by others that this conclusion is not valid be- 
cause the number of cases studied 1s insufficient for 
statistical significance. 

Few students of the disease hold that gestation 
provokes a more serious prognosis and are in favor of 
terminating pregnancy in Hodgkin’s disease. It has 
been shown that 9o per cent of gravid women come 
to term and that in only 7 per cent spontaneous abor- 
tion has occurred. Although an exacerbation has been 
observed with a certain frequency following parturi- 
tion, it is felt that there is no justification for routine 
therapeutic abortion. 
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There is no proof that lymphogranuloma has been 
transmitted through the placenta to the fetus, A 
hereditary predisposition has not been observed. 

With the exception of abdominal and inguinal 
localizations, radiation therapy can be carried out 


with a reasonable margin of safety for the mother 
and fetus.—Anthony A. Blasi, M.D. 


Jounson, Cart E. Transverse presentation of 
fetus. T./4.M./1., Feb. 29, 1964, 787, 642- 
646. (Address: Section of Publications, 
Mayo Clinic, Rochester, Minn.) 


Transverse presentation of the fetus is an infre- 
quent but dangerous complication of pregnancy as 1s 
evidenced by fetal mortality. The danger to the 
mother lies in complications associated with early 
rupture of the membranes, abnormal placentation, 
cephalopelvic disproportion, and traumatic vaginal 
delivery. Danger to the fetus lies mainly in prolapse 
of the umbilical cord or fetal injury during delivery. 

Many factors have been claimed to predispose to 
transverse fetal presentation. Among these are 
cephalopelvic disproportion, placenta previa, prema- 
ture rupture of membranes, uterine and pelvic 
tumors, uterine abnormalities, prematurity, and 
fetal anomalies. Transverse lie also has been noted 
with abdominal pregnancy. Most cases have no 
clearly identifiable cause. 

In general 3 methods of delivery have been de- 
scribed: (1) internal podalic version and breech ex- 
traction of the fetus; (2) external version of the fetus 
to breech or vertex with subsequent vaginal delivery; 
and (3) cesarean section. 

One hundred and one cases of transverse presenta- 
tion were collected from the obstetrical files from 
1933 through 1961. During this period there were 
32,501 deliveries, making the average incidence of 
transverse presentation I in 322 deliveries. Cesarean 
section was used in 48 deliveries, internal podalic 
version with breech extraction in 36, and external 
version in 17. Seventy-eight infants survived and 23 
died before, during, or after labor and delivery. The 
over-all, uncorrected fetal mortality rate is 23 per 
cent. Eleven of the 25 fetal deaths could beattributed 
to a complication of the presentation (cord prolapse, 
5; difficult breech delivery, 5; amnionitis, 1)—making 
the over-all corrected fetal mortality rate 11 per cent. 
The corrected fetal mortality rates for the 3 methods 
of delivery were as follows: cesarean section, 2 per 
cent; internal podalic version and breech extraction, 
25 per cent; external version, 6 per cent. No fetal 
death was directly attributable to cesarean section or 
external version; 7 fetal deaths, however, were at- 
tributable to difficult internal version or arrested 
breech extraction. 

Cesarean section has greatly reduced the fetal 
mortality as has also the judicious use of external 
version and subsequent vaginal delivery in selected 
cases. Presence of the transverse presentation should 
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alert the obstetrician to the possibility of cephalo- 
pelvic disproportion, placenta previa, or low-lying 
placenta and uterine tumor or abnormality.— 
Eugene F. McDonald, M.D. 


GENITOURINARY SYSTEM 


MacKinnon, KENNETH J., and OLIVER, JOHN 
A. Renal hydatid disease. Canad. M. A. F., 
Mar. 14, 1964, 90, 689-692. (From: Depart- 
ment of Urology, Royal Victoria Hospital, 
Montreal, Quebec, Canada.) 


A thorough discussion of the epidemiology, patho- 
genesis, pathology, clinical picture, diagnosis, and 
treatment of Taenia echinococcus disease is presented. 
The authors point out that Echinococcus granulosa is 
not common in Canada, yet its possible occurrence 
renders it of medica] significance. 

Renal hydatid disease is rare. Usually the embryo 
will lodge in the liver or lungs first after gaining 
entrance from the gastrointestinal tract into the 
portal system. An asymptomatic period of 5 to 20 
years occurs after infestation. 

Cysts in the kidney may appear asa ''closed" mass 
or may ultimately rupture and become “open cysts" 
with discharge of the contents and production of new 
daughter cysts at other sites. The rupture of a renal 
cyst is most commonly into the calyx or renal pelvis, 
but it may also be retroperitoneal, intraperitoneal 
or through the diaphragm into the pleural cavity. 

A case of left renal hydated disease is reported 
with a large pelvic cyst and multiple daughter cysts 
of the pelvis and ureter. An excretory pyelogram 
demonstrated a large left kidney with no excretion 
of the contrast medium. The left retrograde pyelo- 
gram showed a hydroureter and hydronephrosis. 
Rounded filling defects were noted throughout the 
course of the ureter and in the renal pelvis.—George 
A, Miller, M.D. 


Currie, J. C. M., Tuomas, M. Lea, and 
PinnIGER, J. L. Congenital intrarenal 
arteriovenous fistula. Brit. F. Surg., Jan., 
1964, 57, 40-44. (From: Departments of 
Surgery, Radiodiagnosis, and Pathology, 
St. Thomas’s Hospital, London, England.) 


The authors report the case of a female aged 61 
years who had a thrill over her left kidney. Ausculta- 
tion revealed a continuous bruit both in front and 
behind on the left side of the abdomen. There were 
no urinary symptoms or hematuria and heart failure 
or hypertension were not present. Renal angiog- 
raphy showed a large renal artery and a large arterio- 
venous fistula with rapid filling of the renal vein and 
inferior vena cava.. There was a good and equal 
nephrogram on each side and the kidneys were ap- 
proximately equal in size. 

At operation it was necessary to perform nephrec- 
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tomy rather than resection of a portion of the kidney, 
due to the anatomic arrangement of the arterial 
blood supply. Her postoperative course was com- 
pletely uneventful. Histologic examination sug- 
gested that this was a congenital aneurysm. It is the 
fourteenth congenital intrarenal arteriovenous 
fistula to be described.—Arthur E. Childe, M.D. 


KaurMAN, JosepH H., Hanarer, WILLIAM, 
and Maxwe xi, Morton H. Upright renal 
arteriography in the study of renal hyper- 
tension. 7./1.M./1., Mar. 28, 1964, 787, 977- 
980. (Address: Dr. Kaufman, University of 
California Medical Center, Center for 
Health Sciences, Los Angeles, Calif. goo24.) 


Evidence ig accumulating that excessive renal 
mobility is frequently associated with renal hyper- 
tension and reflects decreased renal arterial blood 
flow due to a reduction in the caliber of the lumen of 
the renal artery by traction and elongation. This 
reduction in blood flow has been shown to occur in 
the absence or presence of a previously existing 
stenotic lesion and has been found to be associated 
with orthostatic hypertension. A high incidence of 
nephroptosis has also been observed with fibro- 
muscular hyperplasia of the corresponding renal 
artery, and it has been postulated that the accordion- 
like action on the renal artery, created by the re- 
peated ascent and descent of the kidney, might be of 
significance in the pathogenesis of this condition. 

Technically, upright aortography may be per- 
formed by means of the percutaneous transfemoral 
or left transaxillary routes, utilizing catheters and 
either hand or mechanical injectors, and obtaining 
roentgenograms on either serial changers or in single 
exposures. Comparative studies between recumbent 
and upright positions have shown renal artery filling 
to be enhanced when the patient is upright, with 
descent usually of the mesenteric vascular structures 
so that the renal arteries are seen free of confusing 
overlapping shadows. The upright aortogram also 
frequently provides excellent angioroentgenograms 
of the adrenal gland. ' 

No immediate complications were encountered in 
this series of upright aortograms, with syncope and 
other problems having apparently been avoided 
through use of light premedication and local anes- 
thesia. It is felt to be a safe procedure if standard 
precautions are exercised.— Donald M. Monson, 


M.D. ~ 


SHALDON, STANLEY, SHEVILLE, ELI, and Rag, 
A. I. Angiography in acute renal failure. 
Clin. Radiol, April, 1964, 75, 123-129. 
(From: Department of Radiology and the 
Renal Unit of The Royal Free Hospital, 
London, England.) 


The need to confirm the presence of both kidneys 
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and to identify their size, shape and position is essen- 
tial for the management of patients with acute renal 
failure. l'or the purpose of kidney localization angio- 
graphic techniques with a portable unit have been 
developed. These include: (1) single film retrograde 
aortography; (2) inferior vena caval venography 
and; (3) selective renal arteriography, the position of 
the catheter in the renal artery being confirmed by 
injecting 2 ml. of 45 per cent hypaque under fluoro- 
scopic control. 

The pathogenesis of acute renal failure is unknown, 
but there are many potential causes. Intravenous 
pyelography is valueless in diagnosis because of the 
inability of the kidneys to concentrate and excrete 
contrast medium. A plain roentgenogram of the ab- 
domen is almost always valueless in diagnosis or 
management because of failure to sufficiently dem- 
onstrate kidney location, size or shape. 

The information obtainable by angiography 
comprizes the following: (1) localization of kidneys 
for renal biopsy; (2) confirmation of the presence of 
both kidneys; (3) demonstration of normal size of 
main renal arteries—this excluding end stage ter- 
minal renal disease and thus assisting in excluding 
an occasionally difficult differential diagnosis; (4) 
demonstration or exclusion of an aberrant renal 
artery; (5) demonstration of patency of renal 
arteries; (6) demonstration of renal space-occupying 
lesion; and (7) confirmation of the diagnosis of acute 
renal failure by the "negative nephrogram sign." 

In the presence of chronic renal failure a single 
film selective renal arteriogram will always show a 
nephrogram effect superimposed on the renal arterial 
pattern if the roentgenogram is made within 4 sec- 
onds of the preliminary injection of contrast ma- 
terial. [n each of 6 patients with acute renal failure in 
this series in whom single film selective renal arteriog- 
raphy was performed during the oliguric phase, there 
was absence of a superimposed nephrogram.— 


Samuel G. Henderson, M.D. 


DorrER, CHarLEs T., and JupKins, MELVIN 
P. Meglumine 1othalamate 60 per cent and 
sodium diatrizoate 50 per cent: comparison 
of urographic quality and  side-effects. 
Radiology, Feb., 1964, 82, 225. (Address: 
University of Oregon Medical School, 3181 
5.W. Sam Jackson Park Road, Portland r, 
Ore.) 


The authors report the results of a double-blind 
case study of meglumine iothalamate (conray 60 per 
cent) and sodium diatrizoate (hypaque 50 per cent), 
used in comparable dosage in 200 consecutive excre- 
tory urographic examinations at the University of 
Oregon Medical School. The identities of the drugs 
were not known by the physicians making the injec- 
tions or by the panel of 3 radiologists evaluating the 
roentgenograms. Side effects including subjective 
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responses were evaluated by routine observation and 
à patient questionnaire. 

It was concluded that, in terms of urographic 
effectiveness and side effects associated with excre- 
tory urography, meglumine iothalamate and sodium 
diatrizoate are indistinguishable.— Donald N. Dysart, 


M.D. 
SKELETAL SYSTEM 


FREIBERGER, Rosen T H., and Maver, VICTOR. 
Ununited bilateral fatigue fractures of the 
first ribs: a case report and review of the 
literature. Y. Bone & Joint Surg., April, 
1964, 46-4, 615-618. (Address: 535 East 
7oth Street, New York 21, N. Y.) 


A case of bilateral pseudarthrosis of the first rib in 
a plasterer who used the upper extremities in a 
strenuous fashion for prolonged periods is reported. 
Previous roentgenograms showed normal first ribs, 
ruling out congenital etiology. The left scapular area 
was painful for several years. Two more recent chest 
roentgenograms revealed fractures on the left side 
and none on the right side until the current study. 

In the literature these pseudofractures are ex- 
plained as congenital malformations, due to separate 
centers of ossification; or acquired, representing either 
fatigue fracture or an acute fracture caused by muscle 
pull but not the result of direct trauma. 


A comprehensive review of the literature is pre- 
sented.— David C. Alftine, M.D. 


BaNpiRALI, G. R., and Praresi, A. Cavina. 
Su alcuni casi di sifilide ossea congenita 
precoce di recente osservazione. (A report on 
certain. recently observed cases of early 
congenital bone syphilis.) Ann. radiol. diag., 
1963, 36, 249-259. (From: Istituto di 
Radiologia e Terapia Fisica della Università 
di Pavia, Pavia, Italy.) 


A review of current medical literature shows that, 
because of present therapeutic and prophylactic 
measures, congenital bone syphilis is less prevalent 
and that the roentgenologic signs have not been 
stressed. As a rule, in order of frequency, they relate 
to periostitis, osteochondritis and osteomyelitis. 

Periostitis involves the entire diaphysis. It may be 
present alone but is usually associated with other 
alterations. 

In osteochondritis the zone of provisional calcifica- 
tion which is usually linear and well defined becomes 
widened, condensed, irregular and serrated. Towards 
the diaphysis there is a transparent band caused by 
granulation tissue, poor in calcium. Since normal 
ossification of the epiphysis does not occur, the 
cartilage appears more ample. The picture sometimes 
simulates epiphysiolysis. 

Osteomyelitis is the least frequent manifestation. 
It is characterized roentgenologically by alternate 
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areas of bone rarefaction and condensation.— 
Anthony A. Blasi, M.D. 


Pittay, V. K. Congenital (development) 
abnormalities of the elbow joint. Singapore 
M. F., Dec., 1963, 4, 142-146. (Lecturer in 
Orthopaedic Surgery, University of Singa- 
pore, Singapore.) 


The various congenital anomalies of the elbow 
joint are described and the roentgenograms of Io 
cases are reproduced. Some of these abnormalities are 
familial and genetic in origin and may be either uni- 
or bilateral. In dislocations of the radial head one 
must assume that there has been no previous trauma, 
as an old healed Monteggia fracture-dislocation will 
present a picture indistinguishable from congenital 
anterior dislocation of the radial head. 

The anomalies recorded in this article include the 
dislocations of the radial head, synostosis of the 
radius and ulna, patella cubiti and fabellae cubiti, 
persistence of the medial or lateral epicondyles and 
Apert's acro-cephalo-syndactylism with subluxation 
of the superior radio-ulnar joint and delay in ossifi- 
cation. 

Two new mutations are recorded: (1) aplasia of 
the trochlea—in 5 members of a family, with marked 
deformity of the medial portion of the lower end of 
the humerus and medial and proximal displacement 
of the ulna; and (2) hereditary ophthalmomandibulo- 
melic dysplasia—in 3 members of a family with a 
widespread mesenchymal defect. No chromosomal 
abnormality was found. This is not an arthrogryposis 
multiplex congenita. The radius and ulna are bowed 
and shortened. There is aplasia of the lateral humeral 
condyle and radial head, and the upper end of the 
radius lies posterolateral and proximal to the lower 
end of the humerus.—Mariha Mottram, M.D. 


Rucker, T. N., and Arrripr, R. J. A rare fa- 
milial systemic affection of the skeleton: 
Fairbank's disease. Radiology, Jan., 1964, 82, 
63-66. (Address: University of Virginia 
Hospital, Charlottesville, Va.) 


A discussion of Fairbank's disease as it relates to 
Uehlinger’s disease is followed by a well-illustrated 
case of the former. The case presented falls into a 
group of skeletal affections described by Uehlinger in 
1943 which now bear his name and include hypero- 
stosis generalisata with pachyderma, acromegaloid 
osteosis, familial acromegaloid disease of the skeleton, 
osteodermopathia hypertrophiante, idiopathic fa- 
milial generalized osteophytosis, chronic idiopathic 
hypertrophic osteoarthropathy, and megalia ossium 
cutis. 

The roentgenographic picture and pathology of 
Fairbank’s disease, which is also known as hypero- 
stosis generalisata with striations, and of Uehlinger’s 
disease are almost identical with the exception of 
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striae and skin changes. The bone lesions are assumed 
to be the same. Patients with Uehlinger’s disease 
have a grotesque appearance and resemble an acro- 
megalic, while a patient with Fairbank’s disease does 
not. 

As far as the authors know, the only similar case to 
theirs is described by Sir Thomas Fairbanks in his 
book An Atlas of General Affections of the Skeleton. 

The father and grandfather of the patient presented 
are afflicted with the same disease process as the pa- 
tient. The past history and family history were other- 
wise noncontributory. Physical examination was not 
remarkable. There was a slightly elevated alkaline 
phosphatase of 6.3 Bodansky units. Two 24 hour 
urine calcium studies were normal. Blood calcium 
was 9.5 mg. per cent; phosphorus 3.5 mg. per cent. A 
bone biopsy from the right tibia was reported con- 
sistent with generalized cortical hyperostosis of un- 
known origin. 

Skull roentgenograms showed sclerosis of the 
petromastoids bilaterally. The sella was within nor- 
mal limits. The sinuses, teeth, and mandible were 
normally developed. The upper cervical vertebrae 
showed the characteristic striae; the dorsal and 
lumbar vertebrae exhibited dense, vertical striae. 
The vertebral bodies were normal in size and con- 
figuration, and the intervertebral disk spaces were 
well maintained. The ribs showed increased density, 
marked widening, heavy trabeculae, and stippled 
areas similar to osteopoikilosis. The clavicles and 
scapulae were sclerotic, and there was generalized 
disarrangement of bony structure about the glenoid 
fossae. The pelvic bones were markedly sclerotic near 
the acetabula, and irregular trabeculae or striae were 
noted in both wings of the ilia. Striae were also noted 
near the ends of the phalanges, in the metacarpal and 
metatarsal bones, and in the distal radii. In the long 
bones were noted marked cortical thickening, sub- 
periosteal new bone formation, widening of diaphyses, 
indistinct medullary canals, and many areas of 
cortical hyperostosis—Howard R. Stewart, M.D. 


Harrison, WiiLiaM E., JR., and Louvis, 
HERBERT J. Osseous Gaucher’s disease in 
early childhood: report of a case with exten- 
sive bone changes and pathological fractures 
without splenomegaly. 7.4.M.a4., Mar. 28, 
1964, 787, 997-1000. (Address: Capt. Harri- 
son, Orthopedic Section, US Army Hospital, 
Fort Campbell, Ky.) 


The form of Gaucher’s disease seen in infancy 
usually is a rapidly fatal acute process, with severe 
nervous system and pulmonary involvement. There 
is often a familial history of the disease. Extensive 
bone involvement is a later finding and is almost 
invariably associated with considerable hepato- 
splenomegaly. 

The case reported by the authors was observed in a 
Latin-American female and is unusual in that it is the 
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first case of extensive bone erosion without spleno- 
megaly noted in the very young. In addition, the 
only systemic symptom was that of moderate mental 
retardation, and no familial history could be elicited. 
The recurring presenting symptom was the occur- 
rence of multiple pathologic fractures of the lower 
extremities, which, however, healed without compli- 
cation. 

There is as yet no specific laboratory test for the 
diagnosis of Gaucher’s disease, as the abnormal 
kerasin cannot be isolated from the circulating blood, 
although recent studies have demonstrated an excesss 
of glucocerebroside in the tissues. The diagnosis was 
felt to have been established in this case with dem- 
onstration of bone marrow infiltration by cells which 
appeared to be typically of the type seen in Gaucher's 
disease, with further confirmation by an elevated 
acid phosphatase which is an almost invariable 
association. 

The treatment to date has been conservative; the 
prognosis is guarded.—Donald M. Monson, M.D. 


Toyner, HENNiNG. Olisthetic scoliosis. Acta 
orthop. scandinav., 1963, 33, 291—300. (From: 
Orthopaedic Out-Patient Clinic, Aalborg, 
Denmark.) 


Olisthetic scoliosis means torsion scoliosis. As 
early as 1888 Neugebauer observed typical torsion 
scoliosis of the lumbar spine which he related to uni- 
lateral spondylolisthesis. Similar cases have been 
published by others, but the mechanism of this 
scoliosis was not described in detail until 1937 by 
Glorieux and Roedderer. Their explanation was that 
when one spondylolysis—in a spine having bilateral 
spondylolysis—‘‘gapes”’, the anterior vertebral seg- 
ment slips over the sacral bone, rotating at the same 
time on the narrower spondylolysis. This slipping has 
several consequences. The rotation of the vertebral 
body gives rise to a lateral shift of the body, as the 
axis of rotation is eccentric. The body leaves the 
mid-line, approaching the sacroiliac joint closer to 
the axis of rotation, This rotation exerts a traction on 
the intervertebral disk, especially on the side oppo- 
site to the axis of rotation. This traction reduces the 
height of the disk; in consequence, the vertebral body 
will "sink" on the side opposite to the point of 
rotation. 

It is stated that in about four-fifths of all cases it is 
the fifth lumbar body which is involved. The great 
majority of patients had mild forms of spondylo- 
listhesis. It is noted that in the series of cases pre- 
sented by the author, the Stage m1 and 1v spondylo- 
listhesis was found only in very young patients. 
Analysis of the roentgenograms of 237 patients with 
spondylolysis and/or spondylolisthesis revealed as- 
sociated torsion scoliosis in about 3o per cent, the 
maximum torsion being at the lytic vertebra, usually 
the lumbosacral junction. 

As a rule, the torsion scoliosis arises at the same 
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time as the spondylolisthesis, that is, during the 
growth period; after its onset it undergoes practically 
no change. In this series low back pain was present 
in about 30 per cent of patients with spondylolysis 
and/or spond ylolisthesis. 

The mechanism of the development of olisthetic 
scoliosis 1s discussed, and several roentgenographic 
reproductions are included.— Douglas S$. Kellogg, 
M.D. 


CECCARELLI, FRANK E. Occult hyperpara- 
thyroidism and the rapid calcium infusion 
test. Bull. New York Acad. Med., Mar., 
1964, 40, 188-203. (Address: Gorgas Hos- 
pital, Balboa, Canal Zone.) 


The parathyroids, typically 4 in number, are 
small, yellowish or reddish-tan oval bodies, 6X 4X2 
mm. Classically described as located on the posterior 
aspect of the lobes of the thyroid gland, they may be 
found anywhere in the neck, behind the esophagus, in 
the mediastinum, or behind the coryna. 

About 70 per cent of patients with hyperpara- 
thyroidism are initially discovered because of renal 
calculi or calcinosis. The bone lesions are the present- 
ing manifestation in about 15 per cent, and serendip- 
ity in approximately 15 per cent. In these latter cases 
the calcium elevations were discovered in evaluations 
of psychotic behaviors, lassitude, backache and a 
multitude of unrelated complaints. Peptic ulcer or 
pancreatitis as the initial sign is rare. 

The urologic manifestations vary in duration and 
severity. One patient in the present series had passed 
73 stones over a period of 3 years; another was dis- 
covered by routine serum calcium study after he 
passed I stone. 

The full-blown picture of the skeletal syndrome is 
a spectacular medical curiosity in which the dissolu- 
tion and the skeletal involvement may be accom- 
panied by multiple cysts and tumors of bone, patho- 
logic fractures, and gross deformities. Calcium may 
be laid down in various joints and organs leading to 
grotesque deformities. Milder degrees of deformity 
are common, and roentgenographic evidence of 
changes in bone may occasionally be found without 
symptoms. 

When the patient presents with the classic signs 
and symptoms of "stone, bone, abdominal groan, 
and mental moan," plus unequivocal hypercalcemia, 
hypophosphatemia, and hypercalciuria, there is no 
problem in making the diagnosis. Relatively few 
patients present with such a clear-cut picture. 

Since there is at present no adequate direct test for 
parathyroid hormones, various indirect methods of 
eliciting hyperfunction have been tried, all with vary- 
ing success. Serum calcium and phosphorus deter- 
minations are the most frequently used. The tubular 
reabsorption of phosphorus and the phosphorus clear- 
ance have been helpful in the diagnosis of the disease. 
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However, these tests are influenced by the diurnal 
variation of phosphorus excretion. 

Occult hyperparathyroidism has been defined as 
that disease characterized by a suggestive clinical 
history (renal calculi, peptic ulcer, and/or psychic 
disturbance) but without definite laboratory sub- 
stantiation. A simple, reliable, and inexpensive test 
would be of inestimable value in confirming the 
diagnosis in a patient suspected of having hyper- 
parathyroidism. 

The author discusses the rapid calcium infusion 
test of Goldsmith. If the subject is an inpatient, he 1s 
prepared with 3 days of low-calcium (200 mg.) and 
low-phosphorus (800 mg.) diet; if an outpatient, all 
dairy products (eggs, milk, cheese, etc.) are avoided. 
On the morning of the test, the fasting subject 1s 
hydrated with 2 glasses (640 ml.) of distilled water. 
After emptying the bladder at 8 a.m., a "control" 
urine is collected between 8 and 9 a.m. Beginning at 
9 A.M., 180 mg. of calcium (as calcium glucoheptonate 
or calcium chloride) is injected intravenously over a 
Io minute period. At 10 a.m. the subject voids speci- 
men 1, at 1I A.M. he voids specimen 2, and at 12 
N00N he voids specimen 5. During the test, hydra- 
tion is maintained by drinking one glass of distilled 
water each hour. 

'The concentration of phosphorus and creatinine 
(in mg., 100 ml.) is determined from each specimen, 
a ratio of this concentration is made for each period, 
and the values for each period are then compared; a 
convenient method is by plotting the ratios against 
time on graph paper. 

When subjected to the calcium infusion test, 
marked differences in phosphorus excretion were 
noted. In the normal volunteers and the stone- 
formers, all subjects demonstrated a fall; during 
period 2 the phosphorus excretion was always below 
that of the control period and of period 1. This was 
considered a “normal” rapid calcium infusion test. 

However, the patients with hyperparathyroidism 
showed a completely different response to the cal- 
cium injection than did the normal volunteers and 
the stone-formers. There was apparently no effect on 
the phosphorus excretion by calcium infusion, and 
the results closely paralleled that of spontaneous 
phosphorus excretion. This was considered a "'posi- 
tive" rapid calcium infusion test. 

Postoperatively, all hyperparathyroid patients 
eventually showed a “normal” rapid calcium infu- 
sion test. 

In his conclusion, the author states that by using 
the rapid calcium infusion test, the diagnosis of 
hvperparathyroidism has been determined in several 
patients with occult hyperparathyroidism. In addi- 
tion, this test has been valuable in the diagnosis of 
sarcoidosis and has led to the postulation of certain 
interrelationships between the adrenal and the para- 
thvroid glands. 

The concept of occult hyperparathyroidism may be 
further understood when the effects of the new para- 
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thyroid hormone, calcitonin, are better eludicated.— 
C. Peter Truog, M.D. 


Doppman, Jonn L. The association of patello- 
femoral erosion and synovial hypertrophy: 
a diagnostic entity. Radiology, Veb., 1964, 
82, 240-245. (Address: The Hospital of St. 
Raphael, New Haven 11, Conn.) 


Patellofemoral erosion is an unusual form of de- 
generative arthritis of the knee found in elderly 
osteoporotic females and often associated with 
marked proliferative synovitis. There is a peculiar 
erosion of the anterior cortex of the lower femoral 
shaft just above the condyles. This condition is al- 
ways associated with severe degenerative changes of 
the posterior surface of the patella. 

The author observed 8 examples of this entity in 
the past 2 years and was impressed with the frequent 
association of marked proliferative synovial changes, 
especially in the suprapatellar bursa. Only 2 of the 8 
cases demonstrated more than minor hypertrophic 
changes at the tibiofemoral joint in spite of advanced 
patellofemoral arthritis. Hypertrophic synovial 
masses, particularly in the suprapatellar region, were 
noted in 4 patients. It is important to recognize that 
this as an uncommon manifestation of degenerative 


arthritis rather than a soft tissue or synovial tumor. 
—A. W. Sommer, M.D. 


Berk, Leonarp, and Mawnkin, Henry J. 
Spontaneous pseudarthrosis of the tibia 
occurring in a patient with neurofibromato- 
sist report of a case in a man, forty-one years 
old. Y. Bone & Joint Surg., April, 1964, 
46-A, 619-624. (Address: Dr. Leonard 
Berk, 2465 South Downing Street, Denver 
10, Colorado.) 


Congenital pseudarthrosis occurs most commonly 
in the lower third of the tibia but occasionally in the 
middle or upper thirds. The tibia and fibula together 
are by far the most commonly involved sites, but 
pseudarthrosis has been observed in the ulna, femur 
and occasionally in the clavicle. 

The etiology of congenital pseudarthrosis is not 
known buta theory assumes that neurofibroma might 
be the underlying cause of all pseudarthroses. An- 
other theorv reflects the similarity of the tissue in 
pseudarthrosis to that of fibrous dysplasia. 

The authors report the case of a patient who had 
developed a pseudarthrosis of the tibia at the age of 
41, who had a familial history of neurofibromatosis 
and who also had other aspects of this disease. 

The literature is reviewed bringing out the fact 
that of 427 cases of congenital pseudarthrosis of the 
tibia, so per cent had developed fracture by the age 
of 1, 25 per cent by the age of 2, and the remainder 
before the age of 8 vears.— David C. Alftine, M.D. 


BLoop AND LYMPH SYSTEM 


Coomaraswamy, R. P., Det Guercio, 
L. R. My Minter, H., SraTE, D., and 
ELKIN, M. Splenoportography and portal 
vein thrombosis in patients with cirrhosis of 
the liver. Surg., Gynec. €? Obst., Mar., 1964, 
718, 560-566. (From: Department of Sur- 
gery and Radiology, Albert Einstein Col- 
lege of Medicine and the Bronx Municipal 
Hospital Center, New York, N. Y.) 


The authors report examination of 63 patients by 
technically adequate splenoportography. All had 
cirrhosis of the liver or were suspected of having 
portal hypertension from other causes. A pattern 
suggestive of portal vein obstruction was demon- 
strated in 10, but subsequently 3 of these patients 
were found to have normal portal veins. 

Study of the portal system has given rise to the 
concept that in certain disease states, particularly 
biliary cirrhosis with ascites, the portal vein may 
actually function as an outflow tract from the liver. 
It is also thought that naturally formed collaterals 
may divert the flow of blood and contrast material 
away from the portal vein. However, when contrast 
medium appears in the portal vein beyond an ap- 
parent point of obstruction, it is a reliable indication 
that partial obstruction is present. 

In view of these findings the authors suggest that 
when the portal vein fails to become opacified on 
splenoportography, further examination of the portal 
vein be carried out at the time of operation to make 
sure that it is actually obstructed.—<Arthur E. Childe, 
M.D. 


SHERRICK, D. W., Kincaip, Owincs W., and 
GaAMBILL, EarL E. Calcification in the 
portal venous system: unusual radiologic 
sign of portal venous thrombosis. 7.7/7. M. ., 
Mar. 14, 1964, 7&7, 861-862. (Address: 
Section of Publications, Mayo Clinic, 
Rochester, Minn.) 


A rare type of upper abdominal calcification recog- 
nizable on roentgenologic studies 1s due to deposition 
of calcium within a thrombus in the portal vein. A 
fourth case is added to the literature by the authors. 

The calcification of the case presented followed 
the "anatomic outline" of the portal and splenic veins 
and the distal portions of the superior mesenteric 
and coronary veins. 

Thrombosis of the portal venous system is most 
commonly a complication of portal hypertension 
resulting from cirrhosis. At times, however, primary 
thrombosis of the portal vein may cause extrahepatic 
obstruction and portal hvpertension. Splenoportog- 
raphy can readily establish a diagnosis of portal 
venous thrombosis.—George A. Miller, M.D. 
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LEGER, Lucien, PATEL, J.-Cr., LEMAIGRE, G., 
and CorBELLE, G. Thromboses portales 
intra-hépatiques aprés anastomose porto- 
cave pour cirrhose. (Intrahepatic portal 
thromboses following portocaval anasto- 
mosis for cirrhosis.) Presse méd., Dec., 1963, 
71, 2681-2684. (From: Clinique chirurgicale 
de l'Hópital Cochin, Paris, France.) 


It is now established that in ethyl alcohol cirrhosis 
the obstruction to the portohepatic circulation, 
causing portal hypertension, is intrahepatic and 
postsinusoidal. It is as if the nodules of hepatic re- 
generation would compress the suprahepatic veins, 
thus giving rise to a miniature Budd-Chiari syn- 
drome. 

It has been noted that a termino-lateral porto- 
caval shunt for cirrhosis was accompanied by a de- 
crease of the portal pressure in the splenoportal axis 
above the shunt, but the pressure in the hepatic 
sinusoids remained high. This is easily explained by 
the steady inflow of blood from the hepatic artery 
into the sinusoids above the suprahepatic or post- 
sinusoidal obstruction. 

When a termino-lateral portacaval anastomososis 
is performed, the vena cava is sectioned and the 
superior stump is ligated, leaving untouched the 
persisting obstacle above, and preventing an even- 
tual arterial blood reflux into the vena cava. Thus a 
cul-de-sac is created between the portal ligature and 
the hepatic sinusoids, which are still supplied by 
blood from the hepatic artery. In this cul-de-sac, 
formed by the superior portion of the portal vein 
adjoining the ligature, the right and left portal 
branches with their intrahepatic ramifications, and 
by the presinusoidal segment, all the conditions for 
stasis and venous thrombosis are realized. If the 
cirrhosis is not too severe, the blood flowing from the 
hepatic artery can easily reach the suprahepatic 
veins. 

These facts substantiate the preferred latero- 
lateral shunt, permitting the venous reflux from the 
liver to the vena cava. The sinusoidal and pre- 
sinusoidal pressure is lowered, and stasis being 
avoided in the intrahepatic venous ramifications, a 
thrombosis is thus prevented. 

Intrahepatic portal thrombosis after portacaval 
shunt is infrequent. Hunt reported a case in 1960 
following a latero-lateral anastomosis. The authors 
report 4 cases after termino-lateral shunts, in which 
the thrombosis was considered the cause of death. 
Histologic studies have revealed severe hepatic 
alterations attributable to venous stasis and cellular 
anoxia. They also report 2 cases of intrahepatic 
thrombosis after a latero-lateral shunt and 1 case 
after an omphalo-caval shunt. However, in these 
latter cases the parenchymal damage was more cir- 
cumscribed and moderate, and the thrombosis 
could be considered as a concurrent alteration, which 
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may have existed prior to the anastomosis and was 
not extensive enough to cause death.—H. P. Lévesque, 


M.D. 


BooksrEIN, JosepH J., and Sicmann, Joan M. 
Intramural deposition of contrast agent 
during selective angiocardiography. Radi- 
ology, Dec., 1963, 87, 932-937. (Address: 
The University of Michigan Hospital, Ann 


Arbor, Mich.) 


The intramural injection of contrast agent is a 
unique complication of selective angiocardiograph y 
and has been recognized with increasing frequency in 
recent years. The authors have observed this compli- 
cation in 16 instances of 252 selective angiographic 
studies. Thirteen intramural injections were the re- 
sult of selective catheter studies and 3 followed trans- 
thoracic needle injection into the left ventricle. It is 
of interest that only 4 transthoracic needle injections 
were performed, with a complication rate of 75 per 
cent. This direct method has been abandoned. 

Because of the observed complications, the authors 
have carefully reevaluated these instances from both 
the angiographic and clinical aspect, and the details 
of each examination are presented in tabular form. 
Angiographically the intramural injection can be 
recognized by local persistence of concentrated me- 
dium adjacent to the catheter tip, striation of the 
collection of contrast material between muscle fibers, 
and visualization of the coronary veins and sinus in 
large ventricular injections. In g cases the intra- 
mural injection was incident to the use of a side- 
hole catheter and, on review of the angiocardiograms, 
it was clearly evident in 7 cases that the catheter had 
been pushed into the myocardium. Catheters with 
both end- and side-holes were used in the other 4 
cases and in each it was evident that the catheter tip 
impinged firmly on a chamber wall, although there 
was no definite myocardial penetration. 

To further clarify this complication experimental 
studies were performed on dogs and cadaver hearts 
with both side-hole and end-side-hole catheters. The 
results indicate that the jet from a catheter does not, 
in itself, result in significant intramural injection 
but that the catheter tip must lie within the myo- 
cardium or by some means be held forcefully against 
the myocardium. Varying the injection pressures 
from so to 750 pounds per sq. inch did not influence 
the incidence or degree of intramural deposition. 

While all such complications may not be pre- 
vented, the authors suggest that the following pro- 
cedures should materially decrease the incidence: 


(1) Gentle and attentive manipulation of the 
catheter. Systolic pulsations should not be 
palpable at the catheter hub. 

(2) Fluoroscopic or roentgenographic check of 
catheter position in lateral as well as antero- 
posterior planes just prior to injection, Cross- 
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table viewing with a horizontal beam is essen- 
tial. 
(3) In questionable cases, preliminary pressure 


injection of contrast material under fluoros- 
copy.— Edward B. Best, M.D. 


Keiser, D. v., and Friscusier, H. J. Der 
Wert der Lymphographie bei der Meta- 
stasensuche. (The value of lymphography 
in the search for metastases). Fortschr. a. d. 
Geb. d. Rüntgenstrahlen u. d. Nuklearmedizin, 
Mar., 1964, 700, 299-308. (From: Czerny- 
Krankenhaus für Strahlenbehandlung der 
Universitat, Vossstr. 2, 6900 Heidelberg, 
Germany.) 


A normal lymph node varies 1n size from 1 to 30 
mm. A lymph node with metastatic involvement 
may be normal in size but is usually enlarged. Since 
malignant cells are first deposited in the peripheral 
sinuses, filling defects on the borders of the lymph 
nodes suggest metastases. On the contrary, central 
defects may be due to fibrous replacement or fatty 
degeneration. Accurate localization of filling defects 
requires exposure in multiple views, 7.e., antero- 
posterior, both oblique and lateral roentgenograms. 
The persistence of contrast material in lymph nodes 
after 24 hours is highly suspicious of metastatic in- 
volvement, particularly if the lymph nodes are 
larger than normal. 

The characteristics of metastatic lymph nodes are 
as follows: (1) The lymph nodes are larger than 
normal and contain multiple, peripheral filling de- 
fects. (2) Failure of opacification occurs if the lymph 
node is completely replaced by metastatic tissue. In 
such cases, collateral channels may be abundant, 
particularly in the lumbar region. A common sequel 
of high-grade obstruction at this level 1s chyluria. (3) 
Stasis in lymphatic channels should alert one to the 
possibility of metastases. Similarly, tortuous or dis- 
placed lymphatic channels are indicative of meta- 
static involvement. (4) Retrograde flow of contrast 
material is usually due to metastases but may also be 
a postoperative sequel. In cases of edema, the lymph 
channels are distended and increased in number. (4) 
The thoracic duct is not visualized when total ob- 
struction is present at an inferior level. An interesting 
finding in such cases is the appearance of contrast 
material in the lungs via venous channels.— 7. 
Zausner, M.D. 


GENERAL 


Spink, WrEstLEY W. Host-parasite relationship 
in human brucellosis with prolonged illness 
due to suppuration of the liver and spleen. 
Am. J. M. Sc., Feb., 1964, 247, 129-136. 
(From: Department of Medicine, Univer- 


VoL, 92, No. 2 


sity of Minnesota Medical School, Min- 
neapolis, Minn.) 


Brucellosis in the United States is primarily a dis- 
ease of cattle and swine which is transmitted to hu- 
mans by direct contact. The brucella organisms tend 
to localize in organs having an abundance of reticulo- 
endothelial cells, such as the liver, spleen, bone 
marrow and lymph nodes. 

An effective defense mechanism is evidenced by 
proliferation of mononuclear cells which phagocytize 
the organisms and result in granuloma formation. A 
poor defense mechanism is manifested by prolifera- 
tion of brucellae, absence of granuloma, presence of 
neutrophils, tissue necrosis, and eventual caseation. 
These suppurating and caseating foci can persist for 
years in the reticuloendothelial system. 

This report is concerned with 6 patients seen over 
a 25 year period with the duration of illness varying 
between 3 and 25 years. The antibody titer was ele- 
vated in $ of the 6 cases. Five cases recovered after 
splenectomy or drainage of liver abscesses. The one 
death was due to hemorrhage from esophageal varices 
associated with cirrhosis of the liver. The autopsy 
showed a large cirrhotic liver with multiple areas of 
suppuration. Four of the 6 cases showed splenic 
calcification, while 2 cases showed liver calcification. 
One case did not show calcification of either organ. 

The diagnosis of brucellosis should be considered 
in febrile patients having undefined splenic or hepatic 
calcification demonstrated on roentgenographic 


study.— James V. Grief, M.D. 


KuNDEL, Harotp L. Osteolathvrism in the 
rat: an x-ray diffraction study of collagen 
from normal and lathyritic rats. Radiology, 
Jan., 1964, 82, 67—76. (Address: Box 4079, 
U. S. Air Force School of Aerospace Medi- 
cine, Brooks Air Force Base, Texas.) 


Lathyrism is a complex disorder produced by the 
ingestion of an excess of the seeds of certain legumes, 
mostly of the genus Lathyrus, which includes the 
common flowering sweet pea. Two distinct forms of 
the condition are recognized, osteolathyrism and 
neurolathyrism. 

Neurolathyrism, the naturally occurring form, 
was first described by Hippocrates who observed 
spastic paralysis of the legs following the inclusion of 
sweet peas in the diet during a famine. Osteolathy- 
rism was first produced bv feeding rats the seeds of 
the common sweet pea, Lathyrus odoratus. It is a gen- 
eralized disorder of the connective tissues, most 
dramatic in growing animals, characterized by inhi- 
bition of growth, widening and slipping of the epi- 
physes, subperiosteal hemorrhage, with subperiosteal 
new bone formation, kyphoscoliosis, osteoporosis, 
and aortic aneurysms. Osteolathyrism is of interest 
both as a system with a reproducible defect in which 
to study deranged connective tissue metabolism and 
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as a possible source of insight into a number of idio- 
pathic diseases in man which it resembles, such as 
Marfan's syndrome, idiopathic scoliosis, epiphysiol y- 
sis, and infantile cortical hyperostosis. 

In this paper the author presents biochemical and 
biophysical evidence supporting the concept that 
lathyrogens act by blocking intramolecular cross 
linking in collagen. 

The results of a wide-angle x-ray diffraction study 
show normal and lathyritic collagen to be identical in 
the dry state. Continuing studies indicate that the 
blocking of intramolecular bonds by the lathyrogen 
allows wider than normal separation of the chains in 
the collagen molecule under conditions of maximum 
hydration.—Ra/ph Bowman, M.D. 


Bark M, L4 Care, DX FL Sortan H, 1 
Wiens, RurH G., and PLunxetrt, E. R. The 
XXYY variant of Klinefelter's syndrome. 
Canad. M. A. J., Feb. 29, 1964, 90, 575-580. 
(From: Departments of Microscopic Anat- 
omy, Medical Research, and Obstetrics and 
Gynaecology, Faculty of Medicine, Uni- 
versity of Western Ontario, London, On- 
tario, Canada.) 


The common factor in the abnormal sex chromo- 
some complexes described with Klinefelter’s syn- 
drome is the presence of at least two X chromosomes 
and at least one Y chromosome (XXY, XXXY, 
XXXXY, XXYY, and XXXYY). The abnormal 
genetic coding of these intersexual complexes causes 
dysgenesis of the seminiferous tubules and other 
signs of Klinefelter’s syndrome. 

The authors report the findings in 3 males with the 
XXYY sex chromosome complex. These patients, in 
addition to the § previously reported cases with this 
chromosomal error, show the clinical and laboratory 
features of Klinefelter’s syndrome. At present, a 
chromosome analysis is necessary to distinguish the 
XXYY variant from the more common XXY Kline- 
felter subject. It is possible, however, that study of a 
larger number of XXYY patients may establish a 
significant frequency of certain dermal patterns, 
skeletal maturation, or vascular and cutaneous 
manifestations in the lower extremities that are now 
only suggestive of this variant. 

The addition of a Y chromosome to the XY, XXY, 
and XXXY complexes suggests that the inclusion of 
an extra Y does not alter radically the course of de- 
velopment. The clinical findings in the double Y 
individuals are consistent with the view that the Y 
chromosome bears relativelv little genetic informa- 
tion, compared with the autosomes, other than that 
concerned with male sex determination.—William "f. 


Miller, M.D. 


FEppEMA, J. The quantitative ratio of requi- 
site radiation to available information in 
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different radiodiagnostic techniques. 7. 
belge. de radiol., 1963, 46, 587—598. (Address: 
Pluvierlaan 1, Eindhoven, Netherlands.) 


The author points out that dose reduction can be 
achieved by a proper selection and adjustment of all 
the variables, such as tube voltage, tube current, 
filters, field-limiting diaphragms, grids, intensifying 
screens and films, and exposure times. Other pos- 
sibilities are offered by auxiliaries and techniques 
such as image intensifiers, x-ray television, etc., which 
in fluoroscopy can lead to a considerable dose reduc- 
tion. 

Conventional fluoroscopy, at 100 ky. and tube 
currents of 1 ma. and 2 ma., iscompared with fluoros- 
copy aided by image intensification, a thorax- 
equivalent phantom with grid being used. It is found 
quite clearly that image-intensified fluoroscopy with 
O.5 ma. is still superior to conventional fluoroscopy 
with 2 ma. It is stated that the superiority of the 
image intensifier in fluoroscopy 1s due, not to the fact 
that the image intensifier provides a better picture 
than the normal fluorescent screen but to the fact 
that perception is possible in photoptic vision, while 
at the low luminance levels inherent in the conven- 
tional method only scotopic vision is possible, with 
all the limitations connected with this in respect of 
sharpness and contrast-discernment ability. 

In the opinion of the author the best method of 
improving the quality of image-intensified pictures 
is provided by macroroentgenography, or roentgen- 
ray magnification. Macroroentgenography implies 
that the 0.3 mm. focal spot must be used, which is in 
no way objectionable either in fluoroscopy or in 
70 mm. single exposures. In the latter case the expo- 
sure times will be about the same as those in conven- 
tional roentgenography, bearing in mind that the 
maximum load on a 0.3 mm. focal spot also differs 
from that of a 1.2 mm. one by a factor of 20. Roent- 
genography carried out in this way offers many 
advantages: 

i, Reduced fluoroscopy doses by means of x-ray 
television, the dose being only about 4 of that re. 
quired in conventional fluoroscopy. 

2. Dose reduction by a factor of between 15 and 20 
in roentgenography without noticeable loss of in- 
formation. 

3. Survey roentgenograms, such as of the stomach, 
possible without magnification, the full 9-inch field 
being observable. 

4. Detailed studies, such as of the duodenal bulb, 
are made with magnification, enough details being 
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visible to dispense with conventional serial roent- 
genography. 

5. The examination can be carried out without 
any interruption for the changing of cassettes, etc., 
film transport being automatic. It may even be pos- 
sible in certain cases to dispense with the help of an 
assistant. 

6. Enormous saving in film costs becomes possible, 
and filing is easier. 

A discussion of the technical details of this investi- 
gation is included, as well as photographs of equip- - 
ment, test exposures, and roentgen-ray images of 
human subjects.—Douglas S. Kellogg, M.D. 


OrtvA, L., and Pranararo, E. Analyse photo- 
densimétrique de l'image tomographique. 
(Photodensimetric analysis of the tomo- 
graphic image.) ¥. de radiol., d'électrol. et de 
méd. nucléaire, Dec., 1963, 44, 825-830. 
(From: Institut de Radiologie de PUni- 
versité, Genova, Italy.) 


The radiologist's errors of omission can be placed 
in two groups, psychologic errors (the observer does 
not see what he does not look for or think about) and 
omissions of a technical order (the observer misses 
differences wherein differences of contrast are too 
slight). The present research is an approach to 
eliminating both kinds of errors by recording densi- 
ties objectively rather than relying on subjective 
impressions. 

The authors use a device whereby a photoelectric 
cell scans a narrow band on a roentgenogram at a 
fixed speed, and the variations are recorded by a line 
of peaks and valleys on a rotating drum. Thus the 
scan of a lung field from above downward would pro- 
duce peaks of great densities (as superimposed ribs) 
and valleys (for well-aerated lung). When a lung 
tomogram made at medium depth is scanned, how- 
ever, the variations due to bone will fade out giving a 
simpler image but which records variations of low 
yet recognizable amplitude for such states as micro- 
nodulation and also faint areas of emphysema. 

The authors conclude that the method constitutes 
a means to register graphically and faithfully the 
variations in density on a roentgenogram. This al- 
lows the later identification of images which had not 
been perceived. The method, which may be called 
"continuous linear photodensimetric study," fur- 
ther permits distinguishing between densities due to 
the subject's thickness and densities due to varia- 
tions in atomic weight.—Frank A. Riebel M.D. 
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packaging. Here it is. Simply and logi- 
cally. A box. 

Fitted inside each 7-inch square box is 
an extraordinary cube-square of strong, 
airtight, leakproof plastic. All you do 
is pull-out the retractable spout, uncap 
and pour. Then on with the cap, in with 
the spout. Easier to handle and easier 
to store. And you'll find at least 83 uses 
for the empty plastic cubes. 

If you're looking for economy with 
superior performance in your x-ray 
concentrates, try Urell. Developer, 
replenisher, fixer & replenisher in 5-gal- 
lon sizes. Unconditionally guaranteed 
to meet all your developing require- 
ments by America's oldest exclusive 
manufacturer. 
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A 5l-year-old white female with signs and symptoms of compression of the fifth 
lumbar nerve root. The myelogram using 9 cc of PANTOPAQUE | lophendylate In- 
jection] demonstrated indentation of the dural sac and obliteration of the Ls 
nerve root pouch bilaterally at the level of the fourth lumbar interspace. A rup- 
tured disc was found at the time of surgery. 


"PANTOPAQUE" is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized by the Research Laboratories of East- 
man Kodak Company and prepared as the myelographic contrast 
medium lophendylate Injection, U.S.P., by Lafayette Pharmacal 
Inc. The trademark serves to indicate to the radiologist continuity 
of experience in the manufacture of this medium. 
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Why BAROLOID 


for G.I. Series or Small Bowel Study? 


. Excellence of mucosal coating. areas where abnormal quantities 


of fluid are present. 


mains unaffected by bodily secre- 5. May be mixed to any density de 
sired. This is especially importan 


tions. | | 
5. Will show slight dilations of the oe who prefer a high K.V 


bowel loops. 6. Wide availability: 10, 50, 100 anc 
71. Will demonstrate dilution in those 250 Ib. containers. 


W. Resistance to precipitation — re- 


Professional sample supply available on request 
BELL CRAIG IN 270 LAFAYETTE ST. 
m , » NEW YORK 12, N. Y. 
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Now, TV Fluoroscopy convenience at the cost of mirror viewing 


TELECON—Specifically designed for daily routine fluoroscopy. any number of locations. Kinescope or videotape recording can 
This new concept of fluoroscopy consists of a high gain (6or7 easily be added. Routine spotfilm radiographs are done with 
inch) image intensifier with a high-quality vidicon camera cou- the famous side-loading Nassau spotfilm device. Here, for the 
pled direct to the output phosphor. Fluoroscope with TV conveni- first time, is a new low-cost TV fluoroscopy system. Quality con- 
ence in a lighted room. Saves time, no dark adaptation required. trolled reliability you can depend on. Write for brochure. West- 
TV monitors 8, 14, 17, 21, 24, and 27 inch sizes can beusedin X inghouse Electric Corp., 2519 Wilkens Ave., Baltimore, Md. 21203. 


You can be sure if it's Westinghouse 





y coming events will cast their shadows 


The need for gallbladder surgery, for example. Better contrast visualization, of course means 
more precise diagnosis — the reason why well-tolerated Telepaque (brand of iopanoic acid) 
has so firmly established itself in oral cholecystography and cholangiography. Telepaque not 
only provides gallbladder shadows with better contrast, and improved visualization of the 
ducts, but it does so without disturbing gallbladder physiology. Convenient and ec onomical, too. 


Side effects, which are usually mild, include nausea, vomiting, diarrhea, dysuria. Contraindica- 
tions are acute nephritis and uremia, and gastrointestinal disorders which prevent absorption 
of the medium. 


Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; and bottles of 500. 


® 
-tolerated medium with distinctly better contrast Tele pat u e 


vana ot |OPANOIC acid 
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Image Intensifier - Television - Video Tape 
...& modular-designed radiological system 
entirely manufactured in the United States 









Image Intensifier 


Multiple focus for best overall performance: 
available in either 6” or 9” size, or a combination 
of both; beam splitting optics for direct optic 
viewing mirror; mounted for use with Mattern 
and most other x-ray tables. 


Vidicon Camera and Remote Controls 


Advanced solid state design; easily replaceable 
circuit modules; compatible with most monitors; 
extremely small remote control unit for both tele- 
vision camera and video tape recorder allows 
flexibility of usage and contributes to excellent 
doctor-patient relationship. 






Video Tape Recorder 


Advanced solid state design; easily accessible 
plug-in circuit modules; uses easily-handled 1" 
tape which requires less storage space; conven- 
iently portable remote control. 
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Video Monitor 


Fourteen-inch television screen can be studied 
in normal lighting, thus removing the uneasiness 
which patients experience in darkness; contrast 
control provides high resolution and discrimina- 
tion for detail enhancement, completely freeing 
radiologist from mirror-viewing. 


CHECK THESE SUPERIOR ADVANTAGES OF THE 
MATTERN VIDEO TAPE RECORDING SYSTEM 


M Simple video tape recording by push- 
button start and stop, and even by 


remote control 


V Instant viewing of the clearly recorded 
examination by video tape—no delay 
for darkroom processing, no projec- 
tion required 


V Stop-action control for study of the 
video tape — as long as five minutes 


V Dependable, durable video tape can 
be used over and over again 


V Multiple viewing on mobile or fixed 
monitors that can be placed anywhere 
you want them 

/ 

V Audio recorded simultaneously with 
video taping to provide permanent 
record of radiologist’s observations 
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Lake City, South Carolina 


a division of DYNALECTRON CORPORATION 


No more tugging, no more twisting, 
no more pulling, no more pushing... 


When the table is vertical, the counterweight 
is automatically uncoupled so the spot film 
device can be moved with a finger, literally. 

The Norelco Diagnost 50 was designed to 
make routine examinations easy in every 
way. It’s light, yet strong, with almost no 
heavy parts of cast metals. Changeover to 
horizontal and 15 degrees Trendelenburg 


position is, of course, motor driven, with 
provision for stopping at any intermediate 
position. 

The narrow table base sweeps back 
sharply, and no parts project over the base 
or table edge. Work around the table is easy. 
Your feet are free of obstruction; you enjoy 
what we call "foot comfort." 





SE the Norelco Diagnost 50 
gives you fingertip movement 


The extremely large vertical travel of the 
spot film (40°), together with motor-driven 
table top travel, generously meets all re- 
quirements of examinations, vertical or hori- 
zontal. Footrest is adjusted from one side 
with one knob only. 

The spot film device is available either 
hand-operated or motor driven. Both work 


MANUFACTURED FOR NORELCO BY PHILIPS MULLER 


automatically—without program selector. 
Our systems engineers are available to ex- 
plain the Diagnost 50—and other Norelco 
models—in detail. Write or call for further 
information. North American Philips Com- 
pany, Inc., Medical Division, 100 East 42nd 
Street, New York, New York 10017. In the 
Chicago area: 749 Howard St., Evanston, III. 


IN CANADA! PHILIPS ELECTRONIC EQUIPMENT LTO., TORONTO 17, ONTARIO 
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NOW Assign Darkroom Duty to 


NEW AUTOMATIC FILM LOADER 


It’s no longer necessary for the technician 
to spend a lot of time in the darkroom. 
The new Pako Automatic Sheet Film 
Loader, plus the Pakorol®-XM, combine to 
offer fast, efficient and dependable film 
processing. 

Plus features of Sheet Film Loader 


e The first to offer FIRST-IN—FIRST-OUT 
processing 


e Load MIXED SIZES of film easily 
e Light weight 


e Load in remote area and bring to 
Processor 


e increases department efficiency 
Load the magazine in remote areas (holds 
1014" 11,9028" x 10,45 = 2" x 5" n8 
well as in-between sizes). You can even 
inter-mix the sizes. Place the magazine on 
the feeding base of the Pakorol XM. The 
darkroom technician is now free for other 


PAKO FOR PROGRESS 





R) 


PAKO CORPORATION 


6300 Olson Memorial Highway 
Minneapolis, Minnesota 55440 


duties, and not detained in the darkroom. 
In a matter of a few minutes films are 
processed, dried and lying in proper first-in, 
first-out sequence in the receiving tray. 
The new Pako Sheet Film Loader saves 
time and manpower, while increasing de- 
partment efficiency . . . easy to carry, only 
16 pounds. An access door on the base 
interrupts automatic feed to permit manual 
feeding of emergency films. Multiple maga- 
zines let you load one, while the other is 
on the processor. 


The Pakorol-XM has proven itself to be 
the ideal roller-ty pe, continuous Film Proc- 
essing System. It provides hospitals and 
clinies the unique combination of speed, 
size, economy and capacity. Processing is 
uniform consistently, both with sheet or 
roll film. The Pakorol-XM is low in cost 
and a highly attractive unit, made of stain- 
less steel for easy maintenance and durability. 
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See the AUTOMATIC LOADER and other 
PAKO X-RAY EQUIPMENT ON DISPLAY 
65th Annual Meeting 
American Roentgen Ray Society Sept. 29-Oct. 2 
In Minneapolis—City of Lakes and 
HOME OF PAKO CORPORATION 
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In x-ray equipment, too: 






The cost of buying x-ray 
equipment is hardly a true 
measure of its value. During 
its lifetime you must depend 
on it as a working partner. If 
it’s not capable of meeting the 
most rigid operating schedule; 
if it requires excessive mainte- 
nance and servicing, you have 
not made a good investment. 

Quality equipment, like that 
bearing the General Electric 


a A BARGAIN 


name, is by far your most 
economical purchase. From a 
footswitch to an x-ray trans- 
former or a radiographic tube, 
the standards of quality main- 
tained in manufacturing pro- 
vide the assurance of longer 
life and reliable performance. 
It’s equipment that will “wear 
well” with you, because you 
will experience the satisfac- 
tion that true value brings. 


Progress /s Our Most /mportant Product 


GENERAL 





m may not 
M "wear so well" 


— lasting value means 
more in the long run! 





Compare total cost 


CC, 
Dy T. _ 
Time is 
th the true test 


of value 


If you plan on buying x-ray. 
equipment, your G-E x-ray 
representative can help you 
obtain an installation that in- 
sures you savings in fotal cost. 


ELECTRIC 


3 
OUTSTAND- 
ING 

NEW 
BOOKS 
FEATURING 
THE 
HISTORY 
OF 
RADIOLOGY 


From 
1896 


to 


1964 





Send for our new 


Fall-Winter Catalog of 


over 1500 titles 
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CLASSIC DESCRIPTIONS IN DIAGNOSTIC ROENTGEN- 
OLOGY edited by Andre J. Bruwer, Tucson Medical Center, 
Tucson, Ariz. (With 35 Contributors) Seven years of meticulous 
labor have gone into the compiling and editing of this historic 
work. Its purpose is primarily idealistic—a token of recognition 
and respect for those scientists and physicians in many countries 
who developed the techniques on which modern diagnostic 
roentgenology is based. These pioneer works are—in most cases 

reproduced in their complete form. In many instances they are 
translated from the original. Superbly illustrated throughout. (In 
Two Volumes) October '64, about 2.250 pp. (7 X 10), about 1,404 
figs., about $55.00 


THE SCIENCE OF IONIZING RADIATION: Modes of Ap- 
plication compiled and edited by Lewis E. Etter, Univ. of Pitts- 
burgh, Pittsburgh, Pa. (With 33 Contributors) With a Foreword 
by Otto Glasser. No one man could know or master completely 
the wide range of distinct topics presented in this volume, Its 
thirty-three contributors are recognized authorities in their special 
fields—men who have unselfishly devoted themselves over a period 
of years to the writing of their particular sections. The result is a 
remarkable presentation of the science of radiations . . . history, 
equipment, radiation physics, recording media and screens, chem- 
istry, radiobiology, human application of ionizing radiation, appli- 
cations in industry, protection, etc. Oct. 64, about 1,088 pp., 224 
figs., 29 tables, about $26.75 


THE TRAIL OF THE INVISIBLE LIGHT by E. R. N. Grigg, 
Cook County Hosp., Chicago, Ill. This is a unique volume in the 
true sense of the word. Nothing like it . . . nothing even similar 
has ever been published in the field of radiology either in this 
country or any other. /t presents the inedited . . . the forgotten 

material never before put together in one publication. Em- 
phasis throughout is on word lore, bibliography, literary and 
philosophic references, seals of specialty societies and institutions, 
and marks of commercial organizations, Covers the three stages 
in the history of radiology ... the era of the roentgen pioneers, 
the golden age of radiology, and the atomic phase. Oct. 64. 
about 600 pp., 1.404 figs. (Amer. Lec. Roentgen Diagnosis edited 
by Lewis E. Etter), about $35.00 
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LOW-COST PRECISION THEARArY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
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precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
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e |ts less than 3 mm "point source” 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e |ts treatment beam is accom- 
panied by negligible penumbra. 


e |ts Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e |ts x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 
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e |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 
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PULMONARY EDEMA: CORRELATION OF 
ROENTGENOLOGIC APPEARANCE AND 
ABNORMAL PHYSIOLOGY* 


By ROBERT P. BARDEN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


HE clinical and roentgen picture of 

pulmonary edema bespeaks profound 
changes in physiology of the lung which 
should interest radiologists. It is strange, 
therefore, that American journals of radi- 
ology have contained so few articles on this 
subject in the past 22 vears.®!! 


THE DUAL SYSTEM OF BRONCHIAL AND 
PULMONARY VESSELS 


Circulation of blood in the normal human 
lung is unique because of the dual system of 
bronchial and pulmonary vessels. Potential 
shunts between these systems become ac- 
tual in many conditions of pulmonary dis- 
ease; and these shunts serve to balance, 
compensate, or preserve blood flow through 
areas where it would be deficient other- 
wi1se.9.16 

In addition, potential and actual anasto- 
moses between pulmonary arterioles and 
venules serve to bypass portions of the cap- 
illary bed, when, for example, alveolar 
ventilation may be inadequate in these 


areas.! The low hydrostatic pressure in the 
pulmonary arteries facilitates reversal of 
flow when pulmonary venous pressure 1s 
raised or when capillaries are occluded in 
localized regions. This shifting tide of blood 
with its ebb and flow distinguishes the pul- 
monary circulation from that of other or- 
gans 5? (Fig. 1, Zand 5). 

When pulmonary vessels are overloaded 
with fluid or blood, compensation is 
achieved by using the latent capacity of the 
enormous number of pulmonary capillaries, 
many of which are not filled during normal 
circulation (Fig. 2). This capillary network 
has been likened to a sponge, which is usu- 
ally slightly damp and which can soak up a 
great deal of fluid before it becomes drip- 
ping wet. 

Pulmonary edema occurs when these 
vascular systems are: (1) overfilled; (2) 
damaged by trauma or disease; or (3) ex- 
posed to high levels of osmotic pressure 
from external fluids containing large 
amounts of protein or salts. 


* From the Department of Radiology, Chestnut Hill Hospital, Philadelphia, Pennsylvania. 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 
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lic. 1. (4) Exposed lung of living cat after intra- 
venous injection of thorotrast. Note opacification 
of arteries and arterioles and clear bloodless zone 
along periphery of lung. (5) Same animal after 
second injection 3 hour later. Note opacification 
of vessels in peripheral zone. This indicates that 
some blood vessels which were closed previously 
have become patent. (Reproduced by permission 
from the British Journal of Radiology.") 


This edema fluid mav collect in the inter- 
stitial structures which support the alveoli, 
specifically in the potential spaces between 
the capillary basement membrane and the 
alveolar cell basement membrane. Edema 
fluid may also escape into the alveoli and 
air passages and present as frothy sputum 
(Fig. 3 and 4). 

When edema is limited to the interstitial 
tissues, It produces on roentgenograms a 
uniform haze over the lung fields resulting 
in what has been called a “ground glass 
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appearance’! (Fig. $ 4). On the other 
hand, fluid in alveoli and bronchioles results 
in large areas of mottling with ill-defined 
borders which may change rapidly or dis- 
appear suddenly if the patient improves’ 
(Fig. 6). 

Although the roentgen appearance of 
pulmonarv edema is quite characteristic, 
one needs the clinical historv and findings in 
order to interpret correctlv the underlving 
mechanism. Consider the following exam- 
ples. 


EXAMPLES OF PHYSIOLOGIC ABNORMALITY 
PRODUCING PULMONARY EDEMA 


1. Pulmonary edema may occur in those 
disease conditions which produce Ayper- 
tension in the pulmonary vascular system. 
This elevated arterial pressure is associated 
with any hindrance to forward movement 
of blood, be it failure of the left ventricle, 





i 


Fic. 2. Young male with mitral stenosis and chronic 
passive congestion in lungs. Note prominence of 
small pulmonary vessels especially in the lower 
half of each lung. These vessels reflect engorgement 
of the pulmonary vascular bed due to a greatly 
increased. volume of blood which is present con- 
stantly. This condition has been likened to a 
"soaked sponge." 
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Fic. 3. Schematic drawing of the wall of a pulmonary 
alveolus showing the anatomic structures inter- 
posed between the blood and alveolar air. Note the 
potential space between the basement membranes 
of the endothelium and alveolar lining cells. Note, 
also, the film of surface-acting fluid, which serves 
to modify surface tension along the alveolar wall. 
This fluid is thought to counteract the contractile 
recoil of the elastic fibers in the supporting tissues, 
thereby preventing total collapse of alveoli on ex- 
piration. 


mitral valvular stenosis, spasm of pulmo- 
nary veins, obliteration of capillary chan- 
nels or arteriolar sclerosis.’ 

The classic example of pulmonary edema 


Internal 
edema 
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due to excessive hydrostatic pressure is that 
resulting from failure of the left ventricle 
(Fig. 5, 7 and B). The edema fluid does not 
contain protein, 1s often spread uniformly 
through the interstitial tissues, and may be 
reabsorbed rapidly. (Indeed, the ability of 
the lungs to absorb water alone is remark- 
able. Under experimental conditions, large 
amounts of water may be quicklv absorbed 
into or extracted from the blood of a dog via 
the alveolar-capillary barrier.?) 

Pulmonary edema at high altitudes is 
another example of a condition which is 
probably associated with pulmonary hyper- 
tension due to hypoxia and consequent 
vascular spasm. This sudden crisis may 
occur in certain individuals who travel 
rapidlv from sea level to heights of over 
15,000 ft.^ It disappears immediately 
when the victim is returned to low alti- 
tudes. It is not associated with cardiac 
failure or pleural effusion. 

2. Fluid may leak from pulmonary arte- 
rioles and capillaries which have sustained 
injury of many kinds. External agents 
which may produce pulmonary edema 
quickly include: blast waves from high 
explosives; and irritating substances such 
as chlorine gas or the fumes from decom- 


External 
edema 


ExT. 


F1G. 4. Schematic drawings of the wall of a pulmonary alveolus affected by interstitial edema. Note that the 
edema fluid occupies the space between the basement membranes. Note, also, that the edema fluid may 
follow some type of increased permeability or damage to the capillary wall, or follow damage to the 
alveolar cells caused by an external irritant. Note, further, that in either case, there occurs a diffusion 


barrier to gas exchange. 
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A 


Fic. 5. (4) Elderly female with cardiac failure, passive congestion, and pulmonary edema. Note diffuse haze 
over right lung and absence of pleural effusion. (B) Same patient, 1 week later after treatment. Film ex. 
posed under exactly similar conditions (cf. bone density, znd position of diaphragm). Note change in 
appearance of lungs coinciding with absorption of edema fluid. 


posing nitrates in silos.? Furthermore, cer- 
tain infections such as the virus of epidemic 
influenza often evoke an out-pouring of 
plasma and blood into the pulmonarv inter- 
stitial tissues and alveoli in fatal cases 
(Fig. 6). 

Injury from internal causes, such as the 
so-called “hypersensitivity state," is illus- 
trated bv the characteristic acute mid-zone 
edema of periarteritis nodosa (Fig. 7). In 
other chronic or recurrent disease states 
which are not well understood, protein 
containing edema fluid may appear in the 





pulmonary edema which rapidly became confluent. 

Postmortem examination showed an hemorrhagic 

Fic. 6. Young female with sudden onset of high fever, exudate in most of the alveoli, from which a virus 
dyspnea and cyanosis. Note scattered areas of of epidemic influenza was cultured. 
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same butterfly distribution. This fluid may 
be incompletely absorbed due to its high 
protein content which resists the osmotic 
pressure of the plasma colloids, and leads to 
progressive damage to alveoli as in so-called 
"alveolar proteinosis”? (Fig. 8). 

There is speculation concerning the rea- 
son for the mid-zone location of pulmonarv 
edema in the group of diseases illustrated 
above, where “hypersensitivity” may result 
in increased permeability of pulmonary 
capillaries. Some believe that there is an 
anatomic explanation for this selective 


leaking, either from terminal branches of 


the bronchial arteries! or from pulmonary 
capillaries which are found normally in 
greater numbers in the mid-zone area of the 
lungs.?? 

3. The third category of physiologic 
abnormality which may produce pulmo- 
nary edema 1s perverted osmotic pressure. 
Drowning in sea water is the classic exam- 
ple of this phenomenon." Since sea water 
contains five times as much sodium chloride 
as the circulating blood, its presence in the 
lung causes rapid transfer of water from 
plasma to alveoli! (Fig. 9). (Converselv, 
as mentioned previously, drowning 1n pure 
fresh water results in rapid hydremia and 
hemodilution.) 





Fic. 7. Middle-aged male with proven periarteritis 
—€—— Lesions of necrotizing arteritis were found 
in the lungs. Note that the shadows of sudden 
pulmonary edema have a characteristic ‘“butter- 
fly" distribution which corresponds to the “medul- 
lary" portion of the lungs. 
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Fic: 8. Middle-aged male with proven "alveolar pro- 
teinosis." Lung biopsy showed homogeneous eo- 
sinophilic material obliterating many alveoli. Note 
the symmetric and selective location of the lesions. 
Progressive destruction of alveoli occurs probably 
because the protein nature of the patchy exudate 
prevents its resorption. 


Osmotic pressure in perivascular spaces 
may exceed that in the plasma also in those 
conditions where altered vascular perme- 
ability permits loss of protein through 





Young male submerged in salt water and 
Note extensive symmetric 
edema resulting from aspiration of small amount 


Fic. 9. 
rescued unconscious. 


of hypertonic sea water. These shadows disap- 
peared almost completely in 24 hours. 
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vessel walls. Thus, "alveolar proteinosis,” 
mentioned above, may continue to produce 
edema by this mechanism of altered osmot- 
Ic pressure. 


SUMMARY 


Fluid leaks from pulmonary vessels 
(especially capillaries) when there is a high 
head of pressure in these vessels, damage to 
vessel walls, alterations in osmotic pres- 
sures, or a combination of these states. 

The ensuing pulmonary edema has a 
characteristic roentgen appearance and 
may occur with a great variety of clinical 
diseases. 


8835 Germantown Avenue 
Philadelphia 18, Pennsylvania 
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AIR TRAPPING, PULMONARY INSUFFICIENCY 
AND FLUORODENSIMETRY* 


By CHARLES ODERR, M.D. 


NEW ORLEANS, LOUISIANA 


LUORODENSIMETRY tracings of re- 

gional ventilation resemble ordinary 
spirograms except that the base line is 
normally horizontal rather than sloped. 
The degree of air trapping exhibited by any 
segment of the lung is roughly measured by 
(1) the slowness of expiratory return to the 
baseline value, regardless of effort, or (2) by 
the accumulation of increments of air with 
each breath when breathing is rapid (until a 
plateau is reached). The shape of the curves 
produced is of considerable diagnostic value 
not only in rating the severity of emphy- 
sema in various regions, but also in distin- 
guishing between areas where fibrosis or 
other compliance decreasing pathology 
dominates the function. Fibrotic lung char- 
acteristically returns to normal base line 
level in normal time, and does not tend to 
build up increased volume on hard fast 
breathing. 

Obstructive disease 1s indicated when the 
amplitude of hard fast breathing is reduced 
to a small fraction of the vital capacity 
amplitude, or both are severely reduced. As 
with ordinary spirometrv, additional infor- 
mation about the proportional amount of 
spasm associated with the obstruction can 
be had by repeating the observations after 
administration of an antispasmotic. The 
fluorodensimetry unit and the principles of 
the technique are shown in 
through 4.1 

Correlations of the observations made 
over various parts of the lungs with each 
other and with simultaneous tracings made 
over the two halves of the diaphragm dur- 
ing the same ventilatory maneuvers result 


Figures 1| 


f Circuitry by Technical Associates of New Orleans, Inc., New 
Orleans, Louisiana. 





Fic. 1. The twin hood over the fluoroscopic screen, 
housing the two photomultiplier tubes (931.4) and 
control panel for circuits. 


in further evaluation of the tvpe and sever- 
ity of pulmonary insufficiency. When the 
excursions of the two sides of the dia- 
phragm are symmetrical, any asymmetry 
observed in the corresponding right and left 
lung fields can probably be reliably attrib- 
uted to parenchymal or tubular disease. 





FIG, 2. 
nician during selection of fields to be studied. 


Arrangement of patient, radiologist and tech 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 


Work supported by funds from Medical Research Division of the Veterans Administration, 
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When the excursions of the two sides are 
asymmetrical, or both are greatly reduced, 
the possibility of a neuromuscular factor in 
the ventilatory deficiency is suggested. 
When diaphragmatic excursion remains 
normal (or is exaggerated) in the face of 
reduced amplitude in lung area tracings, 
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neuromuscular effort to compensate for 
pulmonary disease 1s suggested. 

[rregular and bizarre tracings of dia- 
phragmatic excursions suggest deficient 
neuromuscular coordination, which may 
produce very poor lung function in spite of 
relatively normal lungs. The classic svn- 
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Fic. 3. (4) Diagrammatic representation of phctoelectric pick-up and circuits. (B) Detail 
of circuits (Technical Associates, New Orleans, La.). 
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FIG. 4. Field selections usually made for survey of ventilatory function and ex: umples of normal tracings 
for each set of fields. Note that amplitude of eat AA is normallv greater in bases. The two sides are 
symmetrical. There is a proper differential range of amplitude between quiet breathing, vital capacity and 
hard fast breathing. 
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bic. 5. Case 486. Marked inequality of ventilation on the two sides in lower fields and marked air 
trapping in left lower field on vital capacity test. (Ignore superimposed cardiac pulsations.) 
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Fic. 6. Case 602. Advanced cystic and diaphragmatic disease on the left. There is less advanced 
disease on the right, but with marked air trapping. 





Fic. 7. Case 521. Both vital capacity and maximal breathing capacity (MBC) severely impaired, but worse 


at the left base. There is air trapping throughout. Hard fast breathing effort does not produce any greater 
amplitude than quiet breathing. 
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Fic. 8. Case 472. Generalized loss of ventilatory function, but slightly more advanced on the right. There 
is fair diaphragmatic excursion and no air trapping. There was electrocardiographic evidence of chronic 
lung disease. 





Fic. 9. Case 501. Extreme loss of function due to emphysema and impairment of diaphragmatic action. 
There is air trapping where any appreciable ventilation exists. There is paradoxical breathing at the left 
base. There were cor pulmonale signs on the electrocardiogram. 
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Fic. 10. Case 545. The ventilation of the upper fields is unequal and the two sides are in-phase. The ventila- 
tion of the lower fields is paradoxical, which is not accounted for by diaphragmatic function in spite of 
extremely poor coordination of diaphragmatic contractions. There was electrocardiographic evidence of 
cor pulmonale. Patient had a 5 year history of tuberculosis. 
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Fic. 11. Case 546. Air trapping associated with severely reduced vital capacity and MBC amplitude, but 
fair diaphragmatic function. The right base 1s worse than the left base. There were electrocardiographic 
changes of cor pulmonale. 
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Fic. 12. Case 573. Very poor function, especially on the left, for a man of 32 years of age. There was 
air trapping on both sides and poor response of the diaphragm to MBC effort. 
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Fic. 13. Case §30. Bullous emphysema and cor pulmonale in a man of 37 years of age. There is a 
large cyst in the right upper lobe. There is poor function of the left side of the diaphragm. 
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Fic. 14. Case 600. Case of asthma in a man of 35 years of age. Quiet breathing 1s well coordinated, but 
exaggerated breathing produced extremely poor coordination, at times leading to paradoxical ventilation. 


Air trapping was most marked at the right base. 


drome of paradoxical movement of the two 
sides of the diaphragm can be well studied 
by the fluorodensimetry method. Lesser 
degrees of out-of-phase movement than 
complete paradoxical movement are readily 
recorded, as well as the influence of various 
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MISLEADING INFORMATION 
ON SPIROMETRY DUE TO 
PARADOXICAL VENTILATION. 


Fic. 15. Diagram to show the manner in which mis- 
leading information would be obtained by ordinary 
spirometry when there is paradoxical ventilation. 


tvpes of breathing. Out-of-phase or para- 
doxical movement does not necessarily 
indicate a corresponding degree of neuro- 
muscular paralvsis. To some extent onlv 
does the diaphragm follow, rather than 
control, the inflation and deflation of the 
lung. Tubular obstruction on one side, as in 
tumor, readily produces paradoxical venti- 
lation before paradoxical diaphragmatic 
movement occurs. When the diaphragmatic 
motion becomes paradoxical, phrenic nerve 
involvement has probably occurred. 

Even in asthma and emphysema, the 
impaired lung and diaphragmatic functions 
are often worse on one side. In such cases, 
quiet breathing may be in-phase on the two 
sides, but forced breathing leads to para- 
doxical ventilation, especially when air 
trapping is more marked on one side. 

[n contradistinction to air trapping, one 
may observe, on the same fluorodensimetry 
tracings, the ability or lack of ability of 
each lung "area" to be emptied bevond its 
base line volume by voluntary expiratory 
effort or bv cough. The explanation for 
differences, for equal effort, appears to lie in 
opposing "compliance" values in paren- 
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l'1G. 16. Case 570. Case demonstrates impaired ventilation and phrenic involvement due to bronchogenic 
neoplasm on the left and air trapping on the right, especially at the base. A fast tracing over the diaphragm 
during hard breathing shows the paradoxical excursion of the two sides more clearly. 


chyma and tubules. Various syndromes 
related to this are under studv. It mav be 
that low expiratorv closing pressure for 
bronchi is the explanation for loss of ‘“‘ex- 
piratory reserve volume" in the emphysem- 
atous patient, and low compliance of 
parenchyma is the explanation for its loss in 
the fibrotic (or other stiff lung) disease. The 
cough tracings, however, mav distinguish 
the two. Cough tracings made over the 
main bronchial trunks in many emphysem- 


atous patients will show precipitous ex- 
piratory dip, often going below the base 
line, whereas this does not appear to be 
true in the stiff lung. This is a preliminary 
finding and will be reported on later. 


CONCLUSIONS 


Regional fluorodensimetry tracings can 
reveal, in a few minutes, a great deal about 
the kind and degree of pulmonary dvsfunc- 
tion (Fig. 5 through 22, inclusive). They 





lic. 17. Case 599. MBC was of strikingly low amplitude in spite of exaggerated diaphragmatic movements to 
compensate. There was air trapping at the bases. This was a man of 34 years of age with undiagnosed 


systemic disease. 
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Fic. 18. Case 513. Stiffening of lung associated with mitral stenosis. The amplitude is severely 


, 


limited, but there is no air trapping, and there is fair diaphragmatic excursion. 
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liG. 19. Case 504. Limited ventilatory amplitude associated with stiffness of lung due to 
mitral stenosis. There is fair diaphragmatic function. 
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Fic. 20. Case 575. Case demonstrates generalized impairment of ventilation and the appearance of hıc- 
cups (hiccoughs) on a fluorodensimetry tracing. During the examination of the lower fields, hiccup was 
suspended only during vital capacity maneuver. “Hiccup ventilation" showed higher amplitude on the 


left than on the right. 


¢ -—— VITAL C. 





Fic. 21. Case 260. Loss of ventilation in the right lung due to infected bronchiectasis. 
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Ventilation fair in spite of extremely poor 
Pulse moderately damped 

Not much affected by 

Age 39 


45] | 
diaphragmatic function 
central to peripheral 

Valsalva . EKG evidence of RVH . 


FıG. 22. Case 451. Pickwickian syndrome. Ventilation fair on effort in spite of extremely 
poor diaphragmatic function. 
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could be widely used for this purpose wher- 4. 
ever a fluoroscopic unit, with relatively 
simple electronic attachments, is available. 
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BRONCHIOLAR DILATATION ASSOCIATED WITH 
MUSCULAR HYPERPLASIA: POLYCYSTIC LUNG* 


EMPHASIS ON THE ROENTGENOLOGIC FINDINGS 


By ANTHIMOS J. CHRISTOFORIDIS, M.D.,+ SIDNEY W. NELSON, M.D.,t 
and PHILIP C. PRATT, M.D.t 


COLUMBUS, OHIO 


RONCHIOLAR dilatation associated 
with muscular hyperplasia has been 
considered a medical curiosity and has been 
described under such terms as "muscular 
cirrhosis of the lung,’?!’" “bronchiolar 
emphysema,’ “congenital polycystic 
lung,” “diffuse fibro-leiomyomatous ham- 
artomatosis, ? and “muscular hyperplasia 
of the lung." Gray and Fieldtin 1960 found 
17 cases in the world literature. Since then 
there have been a few case reports.?? We 
think that the condition, the exact patho- 
genesis of which is somewhat controver- 
sial,^**? is more common than the rela- 
tively tew documented cases might imply. 
Five additional cases, 4 of which were 
proven by histologic study (biopsy or au- 
topsy), are presented. Emphasis is placed 
on the roentgenographic and broncho- 
graphic findings which, together with the 
pulmonary function studies, enabled us to 
suggest the correct diagnosis either ante 
mortem or before the diagnosis was con- 
firmed by means of pulmonarv biopsv. 


REPORT OF CASES 


Case 1. W.E., a 48 year old white female, had 
had a chronic cough for at least 10 years. In 
1950 the patient was admitted to a sanatorium 
for evaluation, but no diagnosis was made. 
Numerous sputum tests for acid fast bacilli 
were negative. In December, 1952 the patient 
had pleurisy and was admitted to the Ohio 
Tuberculosis Hospital for evaluation. À postero- 
anterior roentgenogram of the chest at the 
time of admission showed what were believed 
to be diffuse bilateral fibrotic changes with 
multiple small cystic areas varying from 0.5 cm. 
to 2 cm. in diameter (Fig. 1). A bronchogram 
made on February 18, 1954 showed diffuse bi- 


* From the Ohio State University Hospitals, Columbus, Ohio. 
+ Department of Radiology. 
t Department of Pathology. 





Fic. 1. Case 1. Posteroanterior roentgenogram of the 
chest shows diffuse bilateral infiltrations, more ex- 
tensive on the left, associated with multiple small 
cystic areas. 


lateral bronchiolectasis but frank bronchiecta- 
sis was not demonstrated (Fig. 2, 4 and B). 
Physical examination showed a well developed, 
well nourished, white female who appeared in no 
acute distress. The temperature was 36.5? C., 
pulse rate was 80, respirations were 20, and 
blood pressure was 100/70. Hemoglobin was 
13.4 gm., and the white blood cell count was 
11,000 with a normal differential. Total protein 
was 5.6 gm. albumin and 2.3 gm. globulin. 
Pulmonary function studies showed ventila- 
tory impairment as indicated by the decreased 
vital capacity (37.3 per cent of normal), max- 
imal breathing capacity 69.6 per cent of normal, 
and an elevated walking ventilation. Arterial 
oxygen saturation at rest was 95.3 per cent 
which dropped appreciably after exercise (78.5 
per cent). High and low level oxygen breathing 
showed severe impairment of intrapulmonary 
gas exchange with an increase in the alveolar 
arterial oxygen pressure gradient due, primar- 
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ily, to an impairment of the oxygen diffusing 
capacity of the alveolar capillary membrane. 
On March 3, 1954 a pulmonary biopsy from the 


lingula showed small cystic spaces, most of 


which were dilated bronchioles, whereas the 
remainder were thin-walled spaces lined by low 
cuboidal and flattened epithelium. A few of the 
smaller spaces were filled with macrophages 
and an occasional polymorphonuclear leuko- 
cyte. There was ro recognizable normal lung 
parenchyma. The pathologic diagnosis was 
polycystic disease of the lung. Smears from the 
specimen and microscopic examination of the 
tissue showed no evidence of tuberculosis. The 
patient was discharged following the pulmonary 
biopsy and the establishment of the diagnosis. 
Subsequent correspondence informed us that 
the patient died of “pulmonary insufficiency” 
2 years later on April 24, 1956. 


Case 11. L.T., a 45 year old Negro female, was 
admitted to the Ohio State University Hos- 
pital on May 26, 1961, for evaluation of lung 
disease discovered on routine roentgenograhic 
examination of the chest during her pregnancy. 
The vital signs were normal at the time of ad- 
mission. Scattered inspiratory rales and coarse 
breath sounds were heard over most of her 
chest. This was more prominent on the right 
side. The white blood cell count was 11,000 
with a normal differential. The hemoglobin was 
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1.1 gm. Hematocrit was 34 per cent, the blood 
urea nitrogen was I7 mg. per cent, and the 
urine contained 40 mg. per cent protein. Sweat 
electrolytes were within normal limits. Her 
arterial oxygen saturation tested 93 per cent, 
dropping to 88 per cent after 5 minutes of exer- 
cise. Vital capacity was 44 per cent of normal 
and maximal breathing capacity was $6 per cent 
of normal. A bronchogram (Fig. 3) showed dila- 
tation of bronchi, corresponding to the cystic 
changes seen on the posteroanterior roentgeno- 
gram of the chest. No frank bronchiectasis was 
present. Repeated sputum studies for acid fast 
bacilli were negative. Primary protein deriva- 
tive and histoplasmin skin tests were both posi- 
tive. Palmonary biopsy was not recommended 
by the medical department, as “it was thought 
that this would not be of benefit to the patient's 
treatment." The final diagnosis was: (1) prob- 
able polycystic disease of both lungs; (2) prob- 
able chronic nephritis. 


Case nr. S.G., a §7 year old white female, 
had a ro year history of a chronic cough produc- 
tive of white macoid material. She had been 
treated with various antibiotics for 10 years 
without significant improvement. [n January of 
1958 para-amiro-sulfonic and streptomycin 
therapy was inszituted and this was continued 
for a period of 2 months. Sputum examinations 
at various intervals had always been reported 


B 


Fic. 2. Case 1. (4) Bilateral bronchogram with (B) close-up view of the left upper 
lobe showing diffuse bronchiolectasis. 
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as negative. The patient gave a history of hav- 
ing had a thyroidectomy for hyperthyroidism 5 
years previously. Physical examination was not 
remarkable except for some enlargement of the 
thyroid on the right. Blood pressure was 150/ 
100. Primary protein derivative No. I was 
positive § by 8 mm. All skin tests for fungi were 
negative. Sputum examinations were also 
negative by concentration. Pulmonary func- 
tion tests showed a vital capacity of 61.9 per 
cent of normal. Maximal breathing capacity 
was II3.5 per cent of normal. Oxygen satura- 
tion studies showed 95.9 per cent at rest and 
85.2 per cent after exercise. The alveolar- 
arterial oxygen pressure gradient on room air 
was 25.7 mm. of mercury and on low oxygen 
inhalation the alveolar-arterial oxygen pressure 
gradient was 19.44 mm. of mercury. The pCO, 
of room air was 37 mm. of mercury. After low 
oxygen inhalation the pCO» was 31.5 mm. of 
mercury. The dead space in expired air was 36 
per cent in room air and 32 per cent in low 
oxygen. It was obvious that this patient was 
hyperventilated and as a result the pCO, in 
alveolar air was reduced and the pH was 
elevated. 





Fic. 3. Case 11. Right side bronchogram shows dilata- 
tion of multiple small bronchi, many of them cor- 
responding to the cystic changes seen in the plain 
posteroanterior view of the chest. 


Bronchiolar Dilatation cic 
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Fic. 4. Case ur. Posteroanterior roentgenogram of 
the chest shows diffuse bilateral cystic areas asso- 
ciated with extensive bilateral infiltration, more 
prominent on the right side. 


A posteroanterior roentgenogram of the 
chest on admission showed diffuse bilateral 
small cystic areas associated with fibrotic 
changes (Fig. 4). A bilateral bronchogram with 
barium suspension containing 1.§ per cent 
carboxymethylcellulose (the patient was sensi- 
tive to iodine)” showed diffuse dilatation of the 
small bronchi similar to the bronchographic 
findings of the first 2 cases, many of the dilated 
bronchi corresponding to the small cystic areas 
seen on the posteroanterior roentgenogram of 
the chest at the time of admission. The diagno- 
sis of polycystic lung was suggested on the basis 
of the roentgenographic findings. Pulmonary 
biopsy from the right lower lobe showed three 
types of histopathologic abnormality. The most 
prominent of these were the many irregular 
strands of distinctly hypertrophied smooth 
muscle irregularly distributed throughout lobu- 
lar septa and often even in the septa of alveolar 
spaces. The second most prominent lesions 
were the numerous dilated bronchiole-like struc- 
tures lined by pseudostratified ciliated colum- 
nar epithelium, but with markedly irregular 
convoluted borders. These were present in the 
subpleural areas and elsewhere within the 
biopsy specimen. The third prominent. histo- 
pathologic change was extensive diffuse in- 
flammation which consisted primarily of lym- 
phocytic infiltration throughout all structures 
including the septa of the remaining alveolar 
spaces. There was no evidence of epithelioid 
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ic. 5. Case 1v. Posteroanterior roentgenogram of 
the chest shows bilateral extensive small cystic 
areas. 


cells or caseous material, such as would be 
present in lesions related to any of the granu- 
lomatous infections. The final diagnosis was 
polycystic disease of the lung. The patient 
was discharged to the care of her family 
physician. 


Case iv. H.F., a 45 year old white female, 
had had chronic cough and expectoration for 
many years. A posteroanterior roentgenogram 
of the chest (Fig. 5) showed bilateral diffuse 
small cystic areas. There was no evidence of any 
large cavity or emphysematous blebs. Past 
history indicated several episodes of pneumonia, 
the last one being at the age of 25. On physical 
examination rales were heard over the entire 
chest and there was a Grade 2 systolic murmur 
in the mitral area. Repeated sputum and gas- 
tric studies for acid fast bacilli were all negative. 
Tuberculin skin tests through primary protein 
derivative No. 2 and OT 1:100 were negative. 
In view of the pulmonary changes observed on 
the roentgenogram of the chest, bronchography 
was recommended in order to investigate the 
suspected diagnosis of polycystic lung. The 
patient refused bronchography and a pulmo- 
nary biopsy. She received aerosol therapy and 
broad spectrum antibiotics and 1mprovement 
was noted. The patient was discharged on 
January 21, 1961, with the final diagnosis of 
"probable polvcystic disease of the lung." 
Approximately 11 months later (November 17, 
1961), the patient was re-admitted to the Ohio 
Tuberculosis Hospital with a productive cough, 
a history of a sputum smear positive for acid 
fast bacilli, and weight loss of 15 pounds. The 
posteroanterior roentgenogram of the chest 
showed the same findings seen on the roentgen- 
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ogram at previous admission, with a few addi- 
tional patches of infiltration in the lower lung 
fields. These latter findings were interpreted as 
being due to superimposed infection. All spu- 
tum and gastric studies for acid fast organisms 
were negative. The patient was treated with 
broad spectrum antibiotics and intermittent 
positive pressure breathing. Pulmonary func- 
tion studies and arterial blood studies showed a 
vital capacity o^ 4$ per cent and maximal 
breathing capacity of 65 per cent of normal. 
Arterial oxygen saturation was 71.4 per cent at 
rest (this was confirmed on a second study). 
Because of the very low oxygen saturation at 
rest, no measurement following exercise was 
attempted. CO: content was 55.56 volumes per 
cent, pH was 7.35, hemoglobin was 12.1 gm., and 
hematocrit was 44 per cent. Sweat electrolytes 
were within normal limits. The patient was 
treated with declomycin (300 mg. q.1.d.), digi- 
talis, o.1 gm. daily, and diuretics. She showed 
some improvement in the first 10 days of hospi- 
talization, following which there was deteriora- 
tion in her condition due to marked shortness 
of breath. Posteroanterior roentgenogram of the 
chest on December 5, 1961 showed an increase 
in the amount of infiltration in the lower lung 
fields consistent with superimposed broncho- 
pneumonia. The patient expired on December 
g, 1961. Autopsy showed dilated bronchioles 
with marked muscular hypertrophy. There were 
numerous and extensive foci of purulent organ- 
izing pneumonia, some bronchi being occluded 
by mucous plaques. There was hypertrophy of 
the right ventricle consistent with cor pul- 
monale. 


Case v. B.S., a 73 year old white male, was 
apparently in good health until 1951 when he 
noted the onset of dyspnea, weight loss, and 
productive cough. He was hospitalized in a 
sanatorium from February, 1952 until May, 
1953, during which time sputum examinations 
were consistently negative for acid fast organ- 
isms. He was admitted to the Ohio Tuberculo- 
sis Hospital in September, 1953 for diagnostic 
work-up. The patient had had a carcinoma of 
the lower lip successfully resected in 1939. He 
had worked in a coal mine for 4 years and also 
in a foundry for 3 years, although during most 
of his life he had worked as a farmer. The 
examination at admission showed a vital capac- 
ity of 80.6 per cent of the expected normal, a 
maximal breathing capacity of 144.3 per cent. 
Arterial oxygen saturation was 89 per cent at 
rest. No measurement following exercise was 
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attempted. The temperature was 36.8° C., 
pulse 80, respirations 20, and blood pressure 
104/70. Otherwise the physical examination 
was essentially negative, except for the presence 
of a right direct inguinal hernia. Serology was 
negative and the second strength primary pro- 
tein derivative was 10 mm. The fasting blood 
sugar was 95 mg./100 cc., nonprotein nitrogen 
35.2 per cent, total protein 5.2 gm. per cent with 
2.85 gm. albumin and 2.25 gm. globulin. Three 
consecutive sputum specimens were negative 
for acid fast and pyogenic organisms. A roent- 
genogram of the chest showed diffuse bilateral 
fibrotic changes with multiple cystic areas, 5 to 
15 mm. in diameter, distributed evenly through- 
out both lung fields (Fig. 6). In addition, a 
soft-tissue mass was noted to project into the 
fundus of the stomach. This was subsequently 
demonstrated in a gastroduodenal examination 
and was interpreted as a probable adenocar- 
cinoma, The patient was, therefore, transferred 
to the Ohio State University Hospital. When 
the patient was admitted, he was complaining 
of abdominal pain, and guarding was present in 
the left lower quadrant. A peritoneal tap was 
done on November 22. At this time, it was 
believed that the patient had paralytic ileus 
with possible peritonitis. His general condition 
was poor. Abdominal distention increased, as 
did the muscle guarding and generalized 
abdominal tenderness. Respirations became 
rapid and labored. On November 26 the patient 
had a temperature elevation to 41.5° C., and, 
in light of the clinical picture, pneumonia was 
thought to be the most likely reason for the 
elevated temperature. No roentgenographic 
examination was obtained because of the poor 
condition of the patient. Despite slight tempo- 
rary improvement during the next few days, the 
patient suffered a relapse and died on Decem- 
ber 22, 1953. Postmortem findings showed: 
(1) diffuse cystic disease of the lung; (2) car- 
cinoma of the fundus of the stomach; and (3) 
diffuse peritonitis with an abscess in the left 
subphrenic region. 

At autopsy both lungs were similar. The 
right lung weighed 600 gm. and the left, 530 
gm. They were bulky and heavier than normal. 
The external surfaces were covered with numer- 
ous small cysts which were most prominent 
along the free margins of the lobes. On section, 
all lobes of both lungs showed numerous small 
thin-walled cystic spaces varying in size from 
IO to 15 mm. in diameter. The process was most 
marked at the periphery of the lobes and was 
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lic. 6. Case v. Posteroanterior roentgenogram of the 
chest showing diffuse bilateral infiltrations asso- 
ciated with multiple small cystic structures. The 
soft tissue mass in the fundus of the stomach close 
to the cardia is an adenocarcinoma. 


most obvious in the right upper lobe. The hilar 
and tracheobronchial lymph nodes were slightly 
enlarged but soft and fleshy in consistency. No 
evidence of tuberculosis or any significant 
pneumoconiosis was found. 


DISCUSSION 


There is a relatively long history of respir- 
atory symptoms in all of the reported cases 
of polycystic lung. Four of 5 of our cases 
were treated for tuberculosis before their 
admission to the hospital, in spite of the 
fact that their sputum examinations were 
consistently negative for acid fast bacilli. 
Often a questionable positive smear, par- 
ticularly when the skin test is also positive, 
results in an incorrect diagnosis of tubercu- 
losis 1n many cases of chronic lung disease. 
To confuse the situation further the anti- 
tuberculosis drug therapy is believed to be 
responsible for the sputum “conversion,” 
and is thought to explain the negative 
smears and cultures thereafter. [In none of 
the 5 cases reported herein was a cavity 
seen on the available roentgenograms of the 
chests. The diffuse involvement of the lung 
felds without detectable changes over a 
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Fic. 7. (4) Close-up view of the right upper lung field in a patient with polycystic lung (Case v), 
and (B) in a patient with miliary tuberculosis. 


: 


long period of time and the presence of 
small cystic areas without evidence of con- 
solidation militate against the possibility of 
an infectious process being responsible for 
the abnormal roentgenographic findings. 
The differential diagnosis includes a multi- 
tude of “miliary”? diseases in such cases, 
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although on close inspection the character- 
istic finding 1s not nodularity, seen in most 
miliary diseases (Fig. 7 B), but the small 
cystic areas wiich we believe to be sugges- 
tive of polycystic lung (Fig. 7 4). We feel 
that this is an important feature of the 
plain posteroanterior roentgenogram of the 
chest which is often overlooked but which, 
if noted, can suggest the correct diagnosis 
in many cases. This could also be demon- 
strated, in doubtful cases, with laminagra- 
phy. 

Almost witaout exception the pulmonary 
function tests in our patients (Table 1) 
showed an impressive discrepancy between 
the vital capacity and maximal breathing 
capacity, the former always being consider- 
ably reduced, while the maximal breathing 
capacity was closer to the expected normal 
value. The arterial oxygen saturation was 
always characteristically low following 
exercise, and in Case Iv was low even at 
rest. The physiologic dead space determina- 
tion, when studied, was found to be in- 
creased. There was a high alveolar arterial 
oxygen gradient. These findings are consist- 
ent with a type of pulmonary disease char- 
acterized by an absence of any appreciable 
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element of obstruction and fall into the 
category of the restrictive type of lung 
impairment. The marked drop in the arte- 
rial oxygen saturation following exercise 
indicated a diffuse process compatible with 
an impairment in the oxygen diffusion 
capacity. 

The bronchographic findings are interest- 
ing and important because of the character- 
istic features. Frank bronchiectasis 1s not 
present, whereas the architecture of the 
bronchial tree is markedly distorted. In- 
stead of the uniform division of each bron- 
chus into progressively smaller branches, 
there is a lack of the normal arborization 
appearance. There is also a rather charac- 
teristic absence of the "alveolar filling" 
which is frequently seen in cases of chronic 
bronchitis and emphysema. In these pa- 
tients with polycystic lung, the bronchi 
instead show cystic dilatation with irregu- 
lar outlines. The length of these bronchi is 
shorter than normal, the appearance sug- 
gesting that they are contracted along their 
axes (Fig. 2 and 3). 





Fic. 8. Specimen showing multiple small cystic 
spaces, from a patient with polycystic lung. 
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The characteristic gross pathologic find- 
ings include the presence of multiple cystic 
spaces which sometimes comprise almost 75 
per cent of the lung parenchyma (Fig. 8). 
The bronchioles are dilated, this account- 
ing for the fact that this condition has 
been described as “bronchiolar emphy- 
sema." * 9? Microscopically, a prominent 
feature is the presence of distinctly hyper- 
trophied smooth muscle, irregularly distrib- 
uted throughout lobular septa and often 
even in the septa of alveolar spaces. There 
are numerous dilated bronchioles with 
irregular and convoluted borders. The 
amount of smooth muscle is much more 
abundant than in any other disease entity 
in which there is proliferation of muscle 
fibers (Fig. 9). From the pathogenetic 
standpoint, we believe that the disease 
could be a congenital malformation aggra- 
vated during life by superimposed infection 
which causes the patient to seek medical 
attention. Repeated infections probably 
add an element of fibrosis to the existing 
pathologic process. The opinion expressed 
bv some that this condition results from an 
infection alone leaves unexplained the main 
histologic characteristic, 7.e., the presence 
of an excessive amount of smooth muscle, 
the fibrosis not being the characteristic 
finding. Furthermore, if repeated infections 
were the only cause of the condition, this 
entity ought to be a very common one. The 
fact that the disease is usually discovered in 
adulthood is not unique. There are several 
other congenital defects including polycys- 
tic kidneys which are also usually first 
manifested in adult life. However, there are 
reported cases describing the polycystic 
lung disease in the newborn.* 


SUMMARY 

Five new cases of polycystic lung are 
presented. In 2 of the patients the diagnosis 
was confirmed by biopsy and in 2 others, by 
autopsy. The diagnosis in the fifth case was 
based on the criteria discussed in this paper. 

We feel that awareness of the findings 
mentioned, including those observed on the 
posteroanterior roentgenogram of the chest, 
the characteristic bronchographic manifes- 
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FIG. 


g. Photomicrograph shows hypertrophied 
smooth muscle throughout lobular septa and also 
in the septa of alveolar spaces. 


tations and the pulmonary function results 
in a patient with a long history of “diffuse 
pulmonary disease” should suggest the 
correct diagnosis and avoid long-term isola- 
tion and unsuccessful treatment of these 
patients on the erroneous assumption that 
they have tuberculosis. 


Anthimos J. Christoforidis, M.D. 
Department of Radiology 

The Ohio State University Hospitals 
Columbus 10, Ohio 
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The authors are indebted to Dr. Joseph 
Tomashefski for his criticism and an evaluation 
of the pulmonary function tests of the reported 
cases. 


REFERENCES 

. Carrey, J. Pediatric X-Ray Diagnosis. Fourth 
edition. Year Book Medical Publishers, 
Chicago, 1961, p. 282. 

. CruicKsHANK, B. D., and Harrison, G. K. 
Diffuse fibro-leeomyomatous hamartomatosis 
of lung. Thorax, 1953, 8, 316—318. 

. GoNzatEz-ANGULO, A. Diffuse bilateral peri- 
bronchiolar and interstitial muscular hyper- 
plasia associated with bronchiolar dilatation 
(bronchiolar emphysema). 4m. Rev. Resp. 
Dis., 1962, 86, 256-260. 

Gray, F. D., JR., and FieLD, A. S., Jr. Muscular 
hyperplasia of lung: physiopathologic analysis. 
Ann. Int. Med., 1960, $5, 683—696. 

HerPLEsTON, A, G. Pathology of honeycomb 
lung. Thorax, 1956, ZI, 77-94. 

Hype, L. Hype, B., and Pokonxv, C. Diffuse 
bilateralffibrocystic disease of lung (honey- 
comb lungs). Dis. Chest, 1951, 79, 190-200. 

NELSON, S. W., Curisrororipis, A., and Prart, 
P. C. Barium sulfate and bismuth subcarbon- 
ate suspensions as bronchographic contrast 
media. Radiology, 1959, 72, 829-838. 

Norris, R. F., and Tyson, R. M. Pathogenesis 
of congenital polycystic lungs and its correla- 
tion with polycystic disease of other epithelial 
organs: reconstruction of cystic elements in 
two cases. 4m. J. Path., 1947, 1075—1097. 

Ravines, H. T. Bronchiolar emphysema of 
lungs: report of case. 4.M.A. Arch. Path., 
1960, 69, 554-550. 

Rubenstein, L., GursrEiN, W. H., and Lerow, 
H. Pulmonary muscular hyperplasia (mus- 
cular cirrhosis of lungs). Aun. Int. Med., 
1955, 42, 36-43. 

. SIEBERT, F. T., and Fisher, E. R. Bronchiolar 
emphysema, so-called muscular cirrhosis of 
lungs. Am. Y. Path., 1957, 33, 1137-1161. 

WnuicGHT, R. R. Elastic tissue of normal and 
emphysematous lungs: tridimensional histo- 
logic study. 4m. J. Path., 1961, 39, 355-367. 


tr 


r 
Ad 


6. 


» 
23) 


IO. 


AXK 


VoL. 9$, No. 3 


b 


PULMONARY CAVITATION IN WEGENER’S 
GRANULOMATOSIS* 
By EDWARD C. LYNCH, M.D.,t HERBERT L. FRED, M.D.,} 
and S. DONALD GREENBERG, M.D.$ 


HOUSTON, TEXAS 


ULMONARY cavitation is a common 

roentgenographic finding in patients 
with Wegener's granulomatosis. Usuallv, 
the cavities are multiple, irregular in out- 
line and have a thick wall.'^ Occasionally, 
they contain air-fluid levels.?:55 

The case of Wegener's granulomatosis 
reported here is distinctive not only be- 
cause the walls of 3 pulmonarv cavities 
observed roentgenographically were un- 
usuallv thin, but also because the cavities 
were not surrounded bv demonstrable 
parenchymal disease. These observations 
raised many etiologic considerations. The 
diagnosis of Wegener's granulomatosis was 
established eventually by means of biopsy 
of the kidney and upper respiratory tract. 

The purpose of this communication is to 
emphasize the unusual roentgenographic 
features of the case. Other interesting facets 
of the case, together with a review of the 
varied clinical, morphologic and therapeu- 
tic aspects of Wegener’s granulomatosis, 
are presented in a separate publication.!* 


REPORT OF A CASE 


Three years before his death, this 51 year old 
white man was thought to have a right maxil- 
lary tumor. At operation, there was only granu- 
lation tissue infiltrated by many inflammatory 
cells. Two years later the patient was found to 
have peripheral neuropathy, left episcleritis, 
hematuria and proteinuria. A renal biopsy 
specimen showed focal necrotizing glomerulitis. 
Roentgenogram of the chest at this time was 
normal. With corticosteroid therapy the patient 
exhibited temporary clinical improvement. 
Subsequently, he developed hypertension and 





liG. 1. May 4, 7962: Roentgenogram of the chest on 
admission. Note single cavitary lesion in each 
upper lung field (arrows). 


right exophthalmos, which occasioned his final 
entry into the hospital on May 4, 1962. 

On physical examination there were proptosis 
of the right eye, episcleritis of the left eye and 
an inflammatory mass in the right nasal pas- 
sage. 

Two small cavitary lesions, one in each upper 
lung field (Fig. 1), were noted at the time of 
admission. Roentgenograms of the skull showed 
clouding of both maxillary antra and of the 
right sphenoid sinus, and destruction of the cell 
septa throughout the right ethmoid sinus. Be- 
cause the nature of these pulmonary and sinus 
abnormalities was unclear, all medications were 
withheld. Ten days later, follow-up roentgeno- 
grams of the chest (Fig. 2, Æ and B) revealed 3 


* From the Departments of Medicine and Pathology, The Jefferson Davis Hospital, and Baylor University College of Medicine, 
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Fic. 2. May 74, 1962: (4) Posteroanterior view. The pulmonary lesions have progressed in size and another 
cavity has appeared in left upper lung field. (B) Lateral view. Air fluid level and thin wall of cavity are 


evident. 


thin-walled cavities with air fluid levels but with 
no demonstrable surrounding infiltrations. In 
this interim the lesions had grown significantly 
in the absence of pulmonary symptoms. Spe- 
cifically, the patient had experienced no fever, 





lic. 3. May 27, 7962: There is further enlargement 
of the lesions observed 2 days before the corti- 
costeroid therapy was initiated. 


cough, sputum production, hemoptysis or 
chest pain. 

Numerous diagnostic possibilities were enter- 
tained. Ultimately, Wegener's granulomatosis 
was established by the histologic demonstration 
of granulomatous inflammation in specimens 
obtained bv biopsy of the right nasal and 
retrobulbar masses and by the finding once 
again of focal glomerulitis in a biopsy sample of 
the kidnev. 

Therapy with hydrocortisone, 300 mg. per 
day intravenously, was begun on May 23, two 
days after the roentgenogram shown in Figure 3 
was obtained. Because of increasing stupor 
thought to be the result of cerebral arteritis, 
the dose of hydrocortisone was increased 1 
week later to 1,200 mg. a day. In the roentgeno- 
gram obtained on the thirteenth day of therapy 
(Fig. 4), there was considerable diminution in 
size of the lesions of the left upper lobe, slight 
decrease in size of the cavity of the right lung 
and disappearance of the air fluid levels. It was 
believed that these changes resulted from a de- 
crease in the inflammatory response brought 
about by corticosteroid therapy and that this, 
in turn, had allowed the cavities to drain. Dur- 
ing the final few weeks of the illness, no cavity 
was demonstrable on roentgenograms of the 
chest (Fig. 5). Corticosteroid therapy was 
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tapered gradually during the remainder of the 
patient’s stay in the hospital. Renal function 
remained unchanged, but there was gradual 
deterioration in cerebral function resulting in 
death 43 months after admission. 

Necropsy. Only the pertinent gross and micro- 
scopic findings in the lungs are recorded here. A 
more complete necropsy report is presented ina 
separate publication.'^ 

After the lungs were inflated and fixed with 
formalin steam, coronal sections were made by 
cutting each lung at 2 cm. intervals from pos- 
terior to anterior. In the left lung the pulmo- 
nary arteries and veins were of the usual appear- 
ance and no thrombi were found. Cut surfaces 
at the 6 cm. level revealed within the posterior 
basal segment of the lower lobe a firm, irregu- 
larly rounded, hemorrhagic infarct, 2.5 cm. in 
greatest dimension. At the 8 and 10 cm. levels, 
cut surfaces revealed in the anterior segment of 
the upper lobe a smooth lined, thin-walled 
cavity, 3X2 cm., partially filled with viscid 
gray-tan debris (Fig. 6 and 7). The cavity did 
not communicate with a bronchus. Its “lining” 
was composed of lymphocytes, mononuclear 
cells, and fibrous connective tissue. No lining 
epithelium was found. Similar chronic inflam- 
matory reaction extended for a short distance 
into the adjacent parenchy ma. 

In the right lung the major vessels appeared 
normal. Cut surfaces at the 4 and 6 cm. levels 
revealed a hemorrhagic infarct, 4X 3 cm., in the 





Fic. 4. June 5, 1962: Thirteenth day of corticosteroid 
therapy. Note disappearance of air fluid levels. The 
lesions in the left lung have decreased in size. 
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Fic. 5. September 6, 1962: Two weeks before 
death. No cavitary lesions are demonstrable. 


posterior segment of the upper lobe; no throm- 
bus could be found. Histologically, the infarct 
contained foci of acute inflammatory reaction 
and focal suppuration. At the 10 cm. level, in 
the anterior segment of the upper lobe, there 
was an irregular, thin-walled cavity, 1 cm. in 
greatest dimension, partly lined by loose gray- 
tan debris (Fig. 8). It did not communicate 
with a bronchus. The parenchyma surrounding 
the cavity was of increased consistency over a 
distance of approximately o.5 cm. The cavity 
was lined by fibrous connective tissue contain- 
ing numerous lymphocytes and large mononu- 
clear cells. Many of the adjacent terminal air 
spaces were filled with fibrin and neutrophilic 
granulocytes, representing focal pneumonia. In 
one focus a minute noncaseous granuloma with 
giant cell formation was noted. No vasculitis 
was seen. 


COMMENT 


Nearly one-half of all patients with 
Wegener's granulomatosis have pulmonary 
complaints.” Of these, cough, sputum 
production, hemoptysis and pleuritic chest 
pain are common.” 1423.32,33,41,42 Sometimes a 
pleural friction rub is present.'?^*?* Our pa- 
tient had no symptoms of pulmonarv in- 
volvement and no abnormal pulmonarv 
findings on physical examination. 

Characteristically, the roentgenographic 
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Fic. 6. Coronal section of the left upper lobe; anterior segment at 8 and 10 


cm. levels. Note wrinkled, smooth lining of thin-walled c 


picture of the lungs in Wegener’s granulo- 
matosis is that of one or more discrete 
nodular or infiltrative lesions of the pul- 
monary parenchyma.'® Cavitation of these 
lesions occurs frequently. The cavities are 
irregular in outline, may be multilocular, 
often contain air fluid levels?*?5 and are 
d seth 
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Cavity as seen in whole organ section of nitrocellulose embedded tissue (4X). 
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avity (2X). 


"small in comparison with the external 
diameter of the nodule or infiltrate.’’'® By 
contrast, thin-walled cavities, as judged by 
review of published roentgenogr ams, have 
been reported only rarelyv.775?*37 The 
nodular or cavitary lesions vary in diameter 
from I cm. to co per cent of one lung field.” 
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Other roentgenographic manifestations ob- 
served occasionally include a large hilar 
mass," *!* bilateral finely nodular infil- 
trates, 517.195.2439 "Datwing" type of infiltra- 
tions of the midzones of the lung," honey 
combed lungs, pneumothorax," and pleu- 
ral effusion.® 921.2 

The cavitv in Wegener's granulomatosis 
may be the consequence of pulmonarv 
infarction brought about by necrotizing 
vasculitis or breakdown of necrotizing 
granulomata. In the present case histologic 
examination revealed no granulomatous 
changes in the walls of the cavities and no 
evidence of infarction in the adjoining 
pulmonary parenchyma. Therefore, a pre- 
cise explanation for development of cavita- 
tion in our case cannot be given. Presum- 
ably, the long duration of cavitation and 
the protracted use of large doses of cortico- 
steroids modified the morphologic changes 
seen at necropsy. 

The differentiation of Wegener’s granu- 
lomatosis from polyarteritis nodosa may 
prove difficult in some patients. In polv- 
arteritis nodosa the roentgenographic find- 
ings in the chest include small nodular 
lesions, interstitial pneumonitis, hilar vas- 
cular prominence, parenchymal infiltra- 
tions resulting from pulmonary infarctions, 
“batwing” infiltrations, pleural effusions 
and pneumothorax.*!?? Cavities in the 
lung have been reported rarely in polyarte- 
ritis nodosa?* but are common in Wege- 
ner's granulomatosis. 

In our patient the differential diagnosis 
was centered on the thin-walled cavities 
with air fluid levels on the roentgenograms 
of the chest. Several consultants thought 
that the lesions probably represented pul- 
monary metastases. In this regard, cavita- 
tion was noted in 4 per cent of 398 cases of 
pulmonary metastases reported by Dodd 
and Boyle.'^ In some of the cases the neo- 
plastic cavities were thin-walled and often 
were not accompanied bv surrounding 
parenchymal disease. Pyogenic abscesses, 
particularly those resulting from septic 
pulmonary emboli, were another considera- 
tion in our patient. Coccidioidomycosis also 
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l'1G. 8. Coronal section of right upper lobe, anterior 
segment at 10 cm. level. Note small cavity (arrow) 
with retraction of overlying pleura (3X). 


commanded attention, since 1t is a frequent 
cause of thin-walled cavities.! Pulmonary 
tuberculosis was thought to be improbable 
since the walls of the cavities in this disease 
generally are not thin and usually are ac- 
companied bv infiltration of the surround- 
ing parenchyma. Of lesser importance to 
the present case were other reported causes 
of thin-walled pulmonary cavities. These 
included bronchogenic | carcinoma, ?9?6.5! 
infected emphysematous bullae,*** histio- 
cytosis X,” post-traumatic circumscribed 
intrapulmonary hematoma,” sarcoidosis,” 
rheumatoid disease of the lungs?" and pul- 
monary infarction,” 

There are no distinctive roentgeno- 
graphic features of the cavity of Wegener's 
granulomatosis that aid in establishing the 
proper diagnosis. Thus, as is true with other 
disorders causing cavitary disease of the 
lungs, the etiologic diagnosis can be estab- 
lished only after an over-all appraisal of the 
patient's illness and the utilization of spe- 
cific diagnostic procedures. In order to 
diagnose Wegener's granulomatosis cor- 
rectly, one must demonstrate histologically 
the presence of granulomatous disease of 
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the respiratory tract, necrotizing vasculitis 
and focal glomerulitis. 


SUMMARY 


A common pulmonary feature of Wege- 


ner’s granulomatosis is the thick-walled 
cavity. In the case presented here, atten- 
tion is called to the thin-walled cavity as a 
manifestation of this disease. 

Edward C. Lynch, M.D. 
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MYCOBACTERIAL DISEASES* 


By RICHARD H. KELLER, M.D.,t and ERNEST H. RUNYON, Pu.D. 


SALT LAKE CITY, UTAH 


ISEASES due to acid-fast bacilli in- 

clude some which are restricted to 
superficial tissues of the extremities, as 
ankles, elbows; leprosy, where involve- 
ment, commonly superficial, may extend to 
nervous tissue; and tuberculosis, which, 
though usually pulmonary, may have many 
manifestations. Several kinds of acid-fast 
organisms are involved in these diseases. 
Even if attention is given only to the tuber- 
culosis-like diseases, a number of mycobac- 
teria may be involved as etiologic agents. 
These are distinguished from tubercle 
bacilli by their drug resistance, lack of 
virulence for guinea pigs, ability to grow at 
temperatures below 25? C., distinct anti- 
genicity, and by many other cultural and 
metabolic characteristics. Epidemiological 
differences are outstanding. These bacteria 
are not M. tuberculosis, M. bovis, nor are 
thev atvpical mvcobacteria. Thev are dis- 
tinct species of the genus Mycobacterium. 
That several of them are at least potential 
pathogens for man is indicated by their 
consistent association. with disease. Thev 
are found in sputum over long periods of 
time, are visible in preparations from pa- 
thologic lung tissue, and are recoverable 
from these by culture. The kinds authenti- 
cated as disease agents in this country have 
been recognized as causing disease also in 
several other countries. Patients with these 
infections may have a weak or negative 
tuberculin reaction but a strong skin reac- 
tion to comparable products (sensitins) 
prepared from homologous organisms. 
While these mycobacteria lack virulence for 
guinea pigs, they may produce lesions in 
mice or hamsters, and from these lesions 
strains with the same properties may be 
recovered. 


Some of these mycobacteria, like M. 
ulcerans, have well-established species 
names. Others of the mvcobacteria com- 
monlv encountered in clinical laboratories 
have lacked recognized species names 
(hence, are “unclassified” or ‘‘anony- 
mous"). For these, separation into 4 broad 
groups distinguished by pigmentation, rate 
of growth and other cultural properties, has 
been useful.?* Strains of Group 1, commonly 
referred to as photochromogens, are now 
recognized as M. kansasii. Since other spe- 
cies likewise require light for pigmentation 
and since M. kazsasi; may be non-photo- 
chromogenic, it is preferable to use this 
species name rather than the general term, 
photochromogen. Strains of M. kansasii are 
encountered usuallv in specimens from 
patients with tuberculosis-like disease. Be- 
sides the usual pulmonary involvement,?.? 
this acid-fast organism may cause cervical 
Iymphadenitis? or diffuse multi-organ dis- 
ease.” Group 1 bacteria are distinguished 
primarily by their vellow-orange pigmenta- 
tion which appears even in dark-grown 
cultures (scotochromogens). Some scoto- 
chromogens are common acid-fast contami- 
nants (saprophytes), often occurring in 
water. It is well established that similar but 
probably distinct Group 11 strains may be 
the cause of cervical lymphadenitis.?! 
Rarelv, they have been isolated from lung 
lesions, this usually consequent to lung 
damage by some other agent. Group ni 
bacteria, including "Battey bacilli,” are 
similar to M. avium. These acid-fast bacilli, 
distinctive in morphology, pathogenicity, 
and metabolism, are usually smooth and 
nonpigmented. Pulmonary disease in man 
associated with Group 1 organisms is 
especially prevalent in the southeastern 
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states and in parts of Australia,!?" but 
sporadic cases have been reported from 
other areas of many different countries? 
429 Besides the usual tuberculosis-like 
pulmonary disease, widespread, usually 
fatal, granulomatous disease has been as- 
cribed to Group ur bacilli.!2430:33 Some- 
what similar mycobacteria occur evidently 
as saprophytes in soil and water, others as 
parasites or commensals in various mam- 
mals or birds. The Group Iv organisms are 
rapid growers and include the species now 
recognized as M. fortuitum. Progressive 
pulmonary or systemic disease due to this 
species has been reported." ?? M. balnei, M. 
ulcerans cause skin lesions. These species 
and members of the Groups described 
above, in addition possibly to others as vet 
anonymous, may cause inapparent infec- 
tions which may result in reactions to 
tuberculin. 

The two mycobacterial infections of man 
which have recently come into greatest 
prominence are those due to M. kansasit 
and to Battev bacilli. Nevertheless, there 1s 
insufficient recognition of these distinct 
diseases. Although having characteristic 
geographic distributions, both may occur 
sporadically over a very wide area. Both 
mimic tuberculosis, but in neither is the 
source of infection known; in neither is the 
tuberculin reaction consistentlv positive; in 
neither is response to chemotherapy com- 
parable to that experienced in tuberculosis. 
Indeed, it 1s not certain that roentgeno- 
graphic and histopathologic characteristics 
are entirely identical. This paper summa- 
rizes highlights of these 2 diseases, with 
special reference to roentgenographic char- 
acteristics. For lack of better names, we 
refer to "Group ur disease" or “Battey 
disease," “‘kansasii disease," etc. By "tu- 
berculosis" is meant only disease due to M. 
tuberculosis or M. bovis. Skin sensitivity 
testing agents are referred to according to 
the bacteria of their origin, as kansasiin, 
battevin, etc. 

Brief summaries of 6 cases recently recog- 
nized in the Salt Lake City area follow. 
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REPORT OF CASES 


Case 1. C.B., a 60 year old white male, was 
admitted to the Salt Lake City Veterans 
Administration Hospital in January, 1958, 
complaining of right anterior chest pain and 
productive cough of 3 months’ duration. There 
was no history of hemoptysis or weight loss. 
Eleven years prior to admission he had been 
hospitalized for a bleeding duodenal ulcer. A 
chest roentgenogram at that time showed 
changes compatible with early diffuse pulmo- 
nary emphysema. There was no evidence of 
apical disease (Fig. 1,7). 

Phvsical examination showed a perforated 
right ear drum and hyper-resonant lungs with 
dullness over the right apex. A chest roentgeno- 
gram revealed minimal bilateral apical fibro- 
nodular infiltrates with pleural thickening 
adjacent to the right apical parenchymal dis- 
ease. Parenchymal and hilar calcification was 
present (Fig. 18). Serial sputum cultures were 
negative for acid-fast bacilli. A subtotal gastric 
resection for a chronic duodenal ulcer was per- 
formed and the patient was discharged to be 
followed in the clinic. 

In September, 1959, hemoptysis, weight loss 
and malaise were reported. A chest roentgeno- 
gram demonstrated progression to bilateral 
cavitary disease (Fig. 1C). Serial sputum cul- 
tures were positive for M. kansasi;. The organ- 
ism was sensitive to ethionamide and resistant or 
partially resistant to streptomycin, isoniazid 
and PAS. The patient was found to be positive 
to tuberculin and to batteyin as well as to 
kansasiin. The drugs administered apparently 
did not alter the course of the disease and the 
patient subsequently discharged himself from 
the hospital, refusing further treatment. He 
returned in May, 1961, having marked progres- 
sion of the apical disease with cavitation, con- 
tinued fibrosis and adjacent pleural thickening 
(Fig. 1). The patient subsequently moved to 
Arizona and has been lost to follow-up. 


Case 11. P.S., a 64 year old white chronic 
alcoholic male, was admitted to the Salt Lake 
City Veterans Administration Hospital in 
January, 1957, complaining of hot flushes, 
chills, and mild anorexia present for 1 month. 
Corticosteroids had been administered during 
the preceding 5 years for severe atopic dermati- 
tis. 

Physical examination showed hypertension, 
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severe diffuse atopic dermatitis and changes 
compatible with diffuse pulmonary emphysema. 
The admission chest roentgenogram showed 
minimal infiltrative disease in the left apex with 
elevation of the left hilus (Fig. 24). Sputum 
cultures were negative on admission; however, 
they became positive in May, 1957, for M. 
kansasti. This strain, cultured repeatedly from 
the sputum, was from the first resistant to 
streptomycin, isoniazid, and PAS. Neverthe- 
less, he was treated with these drugs. Ethion- 
amide was added in January, 1961, because of 
progression of the disease (Fig. 2B). Skin reac- 
tions were 6 mm. to tuberculin and 18 mm. to 
kansasiin. 

The patient moved to Arizona in April, 1962, 
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after remaining stable clinically and roent- 
genographically, but with persistently positive 
sputum cultures. He died in Arizona a short 
time after discharge. No postmortem examina- 
tion was obtained. 


Case ri. E.S., a $5 year old white male steel 
worker, was admitted to the Salt Lake City 
Veterans Administration Hospital in Novem- 
ber, 1960, following several episodes of hemop- 
tysis beginning 2 months prior to admission. 
For the preceding 12 months he had noted 
periodic throbbing headaches, increasing fatig- 
ability, and occasional night sweats. Four 


months prior to admission he noted a dull right 
posterior chest pain. In 


January, 1956, a 





Fic. 1. Case 1. M. kansasii. (4) September 20, 1947. Chest roentgenogram shows mild diffuse pulmonary 
emphysema. (B) January 5, 1958. Admission roentgenogram. Bilateral apical disease with adjacent pleural 
thickening. (C) September 9, 1959. Progression of disease to bilateral cavitation and hilar elevation. First 
positive sputum obtained. (D) May 4, 1961. Further progression of disease with extension to lower lung 


fields and basilar adhesions. 
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ic. 2. Case 11. M. kansasii. (A) January 25, 1957. Chest roentgenogram shows a left apical infiltrate with 
elevation of the left hilus. Sputum cultures were negative. (B) January 16, 1961. The disease has become 


bilateral with a small cavity in the right apex. 


routine chest roentgenogram had demonstrated 
minimal linear streaking in the right apex (Fig. 
34). Several sputum cultures at this time were 
negative. 

No abnormalities were found on physical 
examination. The patient had a subtotal gas- 
tric resection for a duodenal ulcer in 1952. He 
had smoked 2 packs of cigarettes per dav for 
many years. À chest roentgengogram showed 
bilateral, apical, fibrotic disease and a 2 cm. 
cavity within the infiltrate on the right (Vig. 
3B). Sputum cultures were positive for M. 
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kansasii which showed sensitivity only to strep- 
tomycin and ethionamide. Skin tests for histo- 
plasmosis, blastomycosis, and coccidioidomy- 
cosis were negative. Kansasiin and tuberculin 
skin tests were positive with the greater degree 
of induration noted from kansasiin test mate- 
rial. After the initiation of appropriate anti- 
microbial therapy, the sputum and gastric 
aspirate cultures remained positive, and there 
was no change of the right apical infiltrate on 
the chest roentgenogram. 

In March, 1961, a right upper lobectomy was 





Fic. 3. Case rir.3M. kansasii. (4) January 12, 1956. Chest roentgenogram shows minimal streaking in the 
right apex and diffuse pulmonary emphysema. Sputum negative. (B) March 14, 1961. Bilateral apical 
fibrotic disease with cavitation on the right. Elevation of the right hilus. 
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performed at Utah Valley Hospital in Provo, 
Utah. The pathologist reported an appearance 
characteristic of chronic fibrocaseous tubercu- 
losis. Postoperative sputum and gastric aspi- 
rate cultures were negative. Since June, 1901, 
the patient has shown no evidence of recur- 
rence. 


Case 1v. C.Z., a 69 year old white male smelt- 
er worker, was first seen at the Utah State 
Tuberculosis Hospital in July, 1959, the chief 
complaints being slight weight loss during the 
year prior to admission, frequent colds and 
dyspnea with exertion. Three months prior to 
admission the patient had been confined to a 
Salt Lake City hospital for bronchopneumonia. 
The patient had had symptoms of progressive 
pulmonary disease since retirement from the 
smelter 4 years previously. Silicosis had been 
present for several years. 

Physical examination revealed an elderly 
man with moderate respiratory distress, faint 
cyanosis and early clubbing of the fingers. 
Second strength tuberculin test was positive. 
No other skin tests are recorded. An electro- 
cardiogram showed changes indicative of a 
large posterior myocardial infarction. M. 
kansasii was identified in cultures from sputum. 

A chest roentgenogram showed a conglomera- 
tive infiltrate in both upper lung fields with 
radiolucency of the lower lung fields. Bilateral 
hilar elevation and calcification were associated 
with slight parenchymal calcification. Exten- 
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sive pleural adhesions were noted in both bases. 
No cavitation was observed (Fig. 44). 

The patient was placed on antituberculous 
drug therapy with little change in the roent- 
genographic appearance through the entire 
period of hospitalization (Fig. 4B). The signs of 
pulmonary insufficiency continued to progress; 
however, no mycobacteria were demonstrated 
after December, 1959. The patient expired 
while on leave in May, 1901. 

Postmortem findings were recorded as com- 
patible with extensive silico-tuberculosis with 
cavitation. 


Case v. I.S., a 69 year old white female, was 
admitted to the Latter-Day Saints Hospital in 
August, 1959, for “nervous collapse” and 
hepatomegaly. During the year prior to admis- 
sion, the patient had complained of extreme 
nervousness, weight loss and fatigability. She 
had undergone pelvic reconstructive surgery in 
1950. During her childhood an uncle and aunt 
had died of tuberculosis; however, exposure to 
these people was denied by the patient. 

On physical examination she was mildly 
hypertensive, thin and had hepatomegaly. 
The examination of the chest was negative. 
Tuberculin, coccidioidin, histoplasmin, and 
blastomycin skin tests were negative; the reac- 
tion to PPD-B (*batteyin") was positive. A 
slight eosinophilia was present. Liver function 
studies were negative. À chest roentgenogram 
showed an ovoid nodule in the right lower lung 





Fic. 4. Case 1v. M. kansasti. (4) July 27, 1959. Conglomerative pulmonary silicosis. M. kansasii cultured 
from the sputum. (B) January 13, 1961. Essentially no change in the roentgenographic appearance follow- 


ing prolonged antimicrobial drug therapy. 
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feld with multiple smaller satellite nodules. 
Extensive bilateral hilar calcification was pres- 
ent (Fig. 5). A right middle lobectomy was per- 
formed shortly after admission. 

Macroscopic examination of the resected 
lung tissue showed a large nodule with a fairly 
regular border surrounded by several tiny firm 
nodules. The lesions more closely resembled 
those of sarcoidosis than of tuberculosis. Cul- 
ture from the resected lung tissue was positive 
for organisms identified as tubercle bacilli, 
but found to be Battey bacilli by the reference 
laboratory. Following surgery, the patient's 
symptoms of nervousness and malaise con- 
tinued. Liver disease could not be confirmed. 


Case vi. J.W., a 47 year old white male rail- 
road brakeman from central Utah, was ad. 
mitted to a local hospital in February, 1960, 
following the discovery of a positive chest 
roentgenogram by his physician. One year 
prior to admission, the patient had noted 
fatigability and dyspnea with exertion which 
had become increasingly severe to the time of 
hospitalization. 

On admission, physical examination was in- 
dicative of diffuse pulmonary emphysema and 
signs of consolidation were present in the left 
apex. Routine laboratory tests were normal. 
Smear and cultures of sputum were positive for 
acid-fast bacilli, interpreted as tubercle bacilli, 
but later found by the reference laboratory to 
be Battey bacilli. Skin induration to tuberculin 
was Io mm., batteyin 15 mm., kansasiin 5 mm., 
and histoplasmin 20 mm. An admission chest 
roentgenogram showed localized bilateral dis- 
ease with multiple left apical cavities, adjacent 
pleural thickening and elevation of the left 
hilus. Bilateral hilar calcification was present. 
Diffuse radiolucency of the lung fields with 
prominent markings in bases suggested a back- 
ground of chronic pulmonary disease (Fig. 64). 

After a short course of antituberculosis drug 
therapy, a left upper lobectomy was performed. 
Postoperatively, a bronchopleural fistula de- 
veloped which necessitated a second thoracot- 
omy for repair. After the second procedure, 
rapid recovery ensued and the patient was dis- 
charged on antimicrobial drug therapy. 

Pathologic examination revealed findings 
typical of chronic fibrocaseous tuberculosis 
with cavitation. Acid-fast bacilli were abun- 
dant in sections, and cultures were positive for 
Battey bacilli. No emphysema was found. 
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Fic. 5. Case v. Battey bacillus. August 6, 1959. 
Solitary granuloma with several smaller satellite 
nodules in the right middle lobe. Extensive bi- 
lateral hilar calcification. 


Follow-up cultures have been negative. A 
chest roentgenogram obtained on February r, 
1961, showed no progression of the right apical 
disease (Fig. 6B). 


DISCUSSION 


In the following review of various as- 
pects of mycobacterial diseases, M. kansasii 
and Battey infections on the one hand are 
compared with tuberculosis on the other. 
While in some respects kansasii and Battey 
diseases are alike, in others they are dis- 
tinctly different, and one must be mindful 
of the possible error in treating these two 
infections as one. 

The onset of pulmonary disease caused 
by M. kansasii is often insidious, brought 
to medical scrutiny by routine chest roent- 
genograms or for evaluation of other dis- 
eases. The disease usually develops slowly 
and follows an indolent course. In sympto- 
matic patients, hemoptysis was found by 
Kamat ef al." to be the most frequent pre- 
senting complaint. In their series (which 
included Group ii as well as M. kansasii 
diseases), hemoptvsis was twice as common 
as in tuberculosis. Mild fever, weight loss, 
pleuritic chest pain, and cough are the more 
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nonspecific symptoms commonly noted. 
Occasionally, the disease begins as an acute 
pneumonia, which mav progress to multi- 
organ involvement or death, but more 
frequently it becomes a very slowly pro- 
gressing or regressing chronic malady. In 
our kansasii material (4 cases), no medical 
features were noted which would suggest 
disease other than tuberculosis. 

Disease due to Battey bacilli, like that 
due to M. kansasii, is not distinguishable 
from tuberculosis by signs or symptoms. 
Battey bacilli have been found in lymph 
nodes and bone marrow of young children 
or infants who have died of fulminating 
disease. A case in point is the one described 
as being due to Nocardia intracellularis, an 
organism now recognized to be a Battey 
bacillus.” 


ROENTGENOGRAPHIC CHARACTERISTICS 


Roentgenographically, diseases due to 
M. kansasii or Battey bacilli have not been 
recognized as distinct from tuberculosis. 
The majority of nontuberculosis cases 
reported in the literature have had moder- 
ately or far advanced inflammatory disease 
of the upper lung fields. However, occa- 
sional patients have presented with a large 
pleural effusion, miliary disease, bilateral 
hilar lymphadenopathy or localized granu- 
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“ase vr. Battey bacillus. (7) A 
hilar elevation and calcification. 
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(B) February 1, 1961. 
resection of the left upper lobe, Minimal right apical streaking and prominent basilar markings are present. 
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lomata. Cavitation is frequently seen 
within the lesions and has been thought to 
be more frequent than in comparable tuber- 
culosis patients. Parenchymal and_ hilar 
calcification was evident in 49 per cent of 
Jenkins and co-workers” kansas patients, 
and was developed by 2 patients while 
under observation. Similarly, Lewis e al.” 
noted calcific densities in 50 per cent of 
their Group ir infections. 

Christianson and Dewlett® compared 25 
randomly selected cases of tuberculosis 
with 25 cases of other mycobacterial dis- 
ease. The distribution of disease in the 
lungs was similar in the two series, and no 
pathognomonic roentgenographic feature 
was noted for M. kansasit or Battey disease. 
However, these authors state that “‘cer- 
tain features were noted which suggested 
the presence of unclassified mvcobacterial 
disease. These features were: (1) a higher 
percentage of cavitation for the total extent 
of lung involvement than is usually found 
in tuberculous disease; (2) thinner walled 
cavities surrounded bv more strand-like 
and less dense infiltration than 1s usually 
found surrounding a tuberculous cavity; 
(3) fewer nodules than in tuberculosis; and 
(4) less roentgenographic evidence of bron- 
chogenic spread than in tuberculosis and 
more evidence of contiguous spread. The 
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Tase I 
, Calcification l 
, stis. Hilar | Pleural | Bron- | Associated 
Case Location Stage icd Eleva- | Parei Re- chogenic Pulmonary 
tion | chymal Hilar | action | Spread | Disease 
Kansasii 
disease 
I Bilateral, Advanced | Multiple 4- + 4- -+ + Diffuse 
apical 4- | pulmo- 
| nary em- 
physema 
JI Bilateral, [Moderately -+ +- + 4 O O O 
apical advanced 
ITI Bilateral, |Moderately + + + + + O | O 
apical advanced 
IV Bilateral | Advanced O + + -+ + O Silicosis, 
silicosis, emphy- 
diffuse sema 
Battey 
disease | 
(Gr. u) | 
V | Right Minimal O O +- de ou O O O 
middle 
lobe 
VI Bilateral, |Moderately + + + T opo O Diffuse 
apical advanced | | pulmo- 
nary em- 
physema 
| and fibro- 
| | | sis 
Toki 67% | 84% 100% | 67% | 17% | 67% 





non-cavitary lesions assumed pleomorphic 
forms and were the most deceptive. They 
ranged from lesions resembling abscess of 
the lungs to strand-like fibrosis without 
much hilar elevation. There were enough 
exceptions to the generalities listed that in 
any given case the roentgenograms were 
certainly not diagnostic and frequently not 
even suggestive of unclassified mycobac- 
terial disease." 

Chapman,’ in reviewing the extensive 
kansasi material from the Dallas, Texas, 
area, noted some additional features: a 
relatively large incidence of involvement of 
the apical and anterior portions of the 
upper lobes, little pleural reaction, absence 





of upper retraction of the hilus, relative 
paucity of descending spread, and a compa- 
rative lack of pericavitary inflammation 
and reaction. He feels that the features 
mentioned are characteristic enough to 
suggest the diagnosis on this basis alone in 
one-third to one-half of the patients with 
mycobacterial disease. 

In Table 11s a summary of findings of the 
radiology staff who reviewed the roentgeno- 
grams of our cases. Apical disease was 
found in all except 1, with moderately or 
far advanced disease in § of 6 cases. Cavita- 
tion (4 of 6) and hilar elevation (5 of 6) were 
noted. Hilar and parenchymal calcification 
was present in all cases. None of our pa- 
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tients had a pleural effusion; however, 
examples of pleural thickening adjacent to 
the parenchymal infiltrate, and even basal 
pleural thickening, were found. Of particu- 
lar interest 1s Case v, which demonstrated a 
right middle lobe granuloma with several 
small satellite granulomata surrounding its 
periphery. Extensive bilateral hilar calcifi- 
cation was present, which suggested remote 
hilar granulomatous lymphadenitis. This 
patient may well represent a primary infec- 
tion with the Battey bacillus. Our material 
is too small to question the validity of the 
suggested distinctive features of the unclas- 
sified mycobacterial diseases, but it 1s inter- 
esting to note that pleural reaction and 
hilar elevation were common features. 

Several authors have mentioned the high 
incidence of associated tuberculous and 
nontuberculous chronic pulmonary disease 
with disease caused by kansasii or by Bat- 
tey mycobacteria. In our material diffuse 
pulmonary emphysema, silicosis and non- 
specific diffuse pulmonary fibrosis are rep- 
resented. Patients with pneumoconiosis 
appear to be particularly susceptible. Pul- 
monary tuberculosis is often associated 
with another mycobacterial disease.? This 
suggests that one may predispose to infec- 
tion with the other, an effect greater than 
the theoretically possible immunization 
that might be anticipated and which has 
been demonstrated in experimental ani- 
mals.3^& 


PATHOLOGY 


Histologic characteristics of the pulmo- 
nary lesions caused by various mycobac- 
teria have not been recognized as diagnos- 
tically distinguishable. Kent and Lester? 
noted that nontuberculous mycobacterial 
lesions seem to show more evidence of 
growth by contiguity than by broncho- 
genic spread. Endobronchial disease seemed 
more common and fibrous tissue seemed 
less common than usually seen in tubercu- 
losis lesions. Asteroid and Schaumann 
bodies were found in a larger number of 
cases. Jenkins e£ 27.5 reported similar histo- 
logic findings; however, perhaps because of 
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longer medical treatment prior to surgery, 
they found more fibrosis in the lesions than 
did Kent and Lester. 

The study reported by Corpe and Ster- 
gus!? demonstrates that pathologists, most 
of whom have not had special experience 
with specific mycobacterial diseases other 
than tuberculosis, find no special features of 
Battey pathology to exclude it from the 
patterns that have been classic for tubercu- 
losis. Since only recently have these other 
mycobacterial diseases been recognized, it 
Is at least possible that the limits of tuber- 
culosis pathology may need to be sharp- 
ened. 

Little new information can be added in 
reviewing our 4 cases which were examined 
pathologically. One case resembled silico- 
tuberculosis; 2 cases resembled excavating 
fibrocaseous tuberculosis; and 1 case was a 
noncaseous granuloma with histologic char- 
acteristics more closely resembling sarcoid- 
osis than tuberculosis. In Case v a localized 
granuloma surrounded by many smaller 
satellite granulomata, and extensive bilat- 
eral hilar calcifications were found. The 
milary appearance of the primary lesion 
suggested its infectious nature, probably 
involving an organism of low virulence. 

Presently available information suggests 
that the mycobacterial diseases fall into 
one histologic spectrum, but this spectrum 
is broad and it remains to be seen if any 
portions of it are especially characteristic of 
one or another of the diseases. 


THERAPY 


An important characteristic distinguish- 
ing different mycobacterioses is their differ- 
ent responses to treatment. In general, the 
drug regimens which are successful in clas- 
sic tuberculosis are markedly less effective 
in the other mycobacterial diseases. For 
example, Corpe and Liang’ noted a conver- 
sion rate of only 22 per cent in 6 months of 
antimicrobial therapy for Battey patients 
as compared to the expected conversion 
rate of 90 per cent for tuberculosis patients 
in a similar period of time. Different species 
of mycobacteria and even different pa- 
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tients’ strains of the same species have been 
shown to have marked differences in drug 
susceptibility. Outstanding is the greater 
resistance of Group mir bacilli to isoniazid 
and the virtually complete resistance of M. 
fortuitum to antituberculosis drugs. Follow- 
ing treatment, drug resistance commonly 
emerges and increases rapidly. Early deter- 
mination of drug susceptibility is of utmost 
importance. Pending results of such studies, 
vigorous triple drug therapy should be 
used. No specifically effective drugs are 
known. Kass and Dye!’ report that ethion- 
amide and viomycin are effective against 
kansasi disease. 

Extirpative surgery is recommended 
after a comparatively short period of chem- 
otherapy.” Cavity closure is difficult to 
achieve when the usual tuberculosis medi- 
cal management is used. The incidence of 
complications following surgery has been 
moderately high; this, however, might be 
anticipated, considering the large number 
of patients who have open cavities and 
active sputa. Just as with tuberculosis 
caused by drug resistant tubercle bacilli, 
fewer complications and more postsurgical 
conversions may be anticipated if more 
lobectomies and fewer segmental and 
wedge resections are used. 

Since patients with kansasi or Battey 
disease may still fall prey to superinfection 
with M. tuberculosis, they should be sepa- 
rated from patients having active pulmo- 
nary tuberculosis. Commonly, identifica- 
tion of the mvcobacterial disease will not 
have occurred until several weeks after 
placing the patient in a tuberculosis ward. 
Removal then to a nontuberculosis area 
should be accompanied bv continued ad- 
ministration of isoniazid or other anti- 
tuberculosis drugs as prophylaxis against 
infection with tubercle bacilli. 

Prognosis depends upon the patient's 
age, extent of disease and other associated 
diseases. The inherent drug resistance 
which can be expected with most of these 
organisms predisposes to progression of 
disease under conventional chemotherapy. 
However, as shown in our material, even 
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with inadequate drug administration, good 
supportive therapy may result in attain- 
ment of reasonablv good health and even 
resumption of employment. It is probably 
justifiable to give early maximum hospital 
benefit discharges to those patients having 
an adequate home environment.? 


EPIDEMIOLOGY 


The distinctiveness of nontuberculous 
mvcobacterial diseases is shown in three 
aspects of epidemiologv: contagion, distri- 
bution and racial susceptibility. In striking 
contrast to tuberculosis, evidence of trans- 
fer of other mvcobacterial diseases from 
man to man is almost entirelv lacking. One 
of the first clues to the involvement of a 
mycobacterium other than tubercle bacilli 
in a patient having tuberculosis-like di- 
sease may be the absence of any traceable 
contact source. The rural rather than urban 
distribution of Battey disease is unlike 
tuberculosis and suggests an environmental 
source other than man. The same is indi- 
cated by the proportion of males to females 
who become diseased: this proportion is 
higher for Battey disease than for tubercu- 
losis in the same areas. 

Distribution is very poorly known be- 
cause of variability in the acuitv of bacteri- 
ologists upon whom responsibility for rec- 
ognition of the pathogens largelv rests. 
However, even if this is taken into account, 
it is quite well established that while Bat- 
tey and kansasii diseases are widely distrib- 
uted, for each there are local areas of rela- 
tively much higher incidence. The inhabi- 
tants of areas of high incidence are not 
characterized by crowding, malnutrition, or 
poor hygiene. In some other areas, these 
diseases are rare or have never been recog- 
nized. These distribution characteristics are 
not those of tuberculosis. Negroes and 
Latin Americans have less of the other 
mycobacterial diseases than would be ex- 
pected from their tuberculosis rates.4 This 
Is true even in areas where the proportion of 
Negro reactors to battevin is greater than 
that of whites. 

In many cases patients with kansasii or 


especially Battey disease have had a nega- 
tive or very weak tuberculin reaction (cf. 
our Cases 11 and v). When there may be 
available a number of mycobacterial skin 
testing preparations, standardized as to 
both sensitivity and specificity, these will 
be of great value in diagnosis. Unfortu- 
nately, however, these are not now avail- 
able. A limited amount of purified protein 
derivatives (PPD's) prepared bv the 
United States Public Health Service has 
been provided for investigational use, and 
for some of our cases, skin reactions to 
these provided evidence relating the isolated 
mycobacterium to the disease. Interpreta- 
tion of patient skin reactions to multiple 
antigens must be made in the light of com- 
parable reactions in healthy people from 
the same residential area and occupation. 
The most common mycobacterial skin 
reactions are not to tubercle bacilli, but to 
other mycobacterial infections, and these 
vary with geographic location.?5 


SUMMARY AND CONCLUSIONS 


Four cases of pulmonary disease due to 
M. kansasii and 2 due to Battev bacilli are 
reported. The basic bacteriologic features 
which differentiate the various pathogenic 
mycobacteria are outlined. Only by culture 
is the nature of mvcobacterial disease es- 
tablished, but nontuberculous disease may 
be suggested by absence of traceable tuber- 
culosis contacts and bv a weak or negative 
tuberculin reaction, particularly 1f coupled 
with a strong skin reaction to a specific 
antigen. Besides differences in bacteriologv, 
in communicability and in immunology, 
the nontuberculous mycobacterial diseases 
differ from tuberculosis in distribution and 
apparently in racial incidence. Diseases due 
to M. kansasii or to the Battey bacillus 
may be clinically, roentgenographically and 
pathologicallv indistinguishable from clas- 
sic pulmonary tuberculosis; however, difter- 
entiation is important because of the 
different course which must be taken in 
establishing a treatment plan. Surgery 
usually should be considered at an earlier 
date than in comparable patients with 
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pulmonary tuberculosis. Prognosis 1s poorer 
in these cases because of the tendency for 
the disease to assume a progressive course 
even when treated with a full regimen of 
chemotherapeutic agents. 


Richard H. Keller, M.D. 
Cottonwood Hospital 
Murray, Utah 
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ANGIOGRAPHIC DIAGNOSIS OF INTRALOBAR 
PULMONARY SEQUESTRATION* 


By KLAUS RANNIGER, M.D., and GALDINO E. VALVASSORI, M.D. 


CHICAGO, ILLINOIS 


ULMONARY sequestration has been 

recognized as a distinct entity since the 
classic description by Pryce et 2a/?5?* It 
represents a congenital malformation in 
which a portion of the lung is detached 
from the remainder of the lung to varying 
degrees. This sequestrated lung is supplied 
by one or several systemic arteries arising 
from the aorta or its branches. The dif- 
ferentiation between extra and intralobar 
sequestration depends on the extent of 
separation. 


PATHOGENESIS AND PATHOLOGY 


The pathogenesis of pulmonary seques- 
tration is not clear and several theories 
exist. Pryce ez al.” believe that during the 
fetal development an abnormal vessel 
captures one or more bulbous tips of the 
embryonic bronchial tree. Traction 1s ex- 
erted on the sequestrated buds and detach- 
ment of this portion of the lung of varying 
extent results, leading to extra or intralobar 
pulmonary sequestration. Bolck’ points out 
that many accessory lung roots develop in 
addition to the primitive bud. Most of them 
become atrophic or incorporated within 
the normal lung, but some may acquire a 
systemic blood supply and form, depending 
on the time of development, an intra 
or extralobar pulmonary sequestration. 
Smith* postulates that intra and extralobar 
pulmonary sequestrations are not related 
embryologically. He believes that in intra- 
lobar pulmonary sequestration, the pri- 
mary defect is a failure of the normal pul- 
monary artery to supply a peripheral por- 
tion of the lung—in most cases, the most 
distant posterior basal segments. One of the 
ventral branches of the primitive dorsal 
aorta persists in these cases producing the 
blood supply to the segment. He further 


points out that in intralobar sequestration 
the supplying artery is usually large, the 
venous drainage enters the pulmonary 
veins, no connection to the foregut exists 
and no associated malformation can be 
found. In extralobar sequestration which, 
according to Smith,” is a primitive accessory 
lung bud, the arterial supply, on the con- 
trary, usually consists of small vessels with 
a varlable origin and the veins drain into 
the azvgos or caval system. 

More than 250 cases of intralobar pul- 
monary sequestration have been reported 
in the literature.!-9:85—12.18—23,25,26,30,32—35 A 
survey of these publications shows that the 
sequestrated portion was incorporated into 
the normal lung and was situated in al- 
most all cases in the posterior basal seg- 
ment of the lower lobes, more frequently 
on the left side. It was usually supplied by 
a large artery coming off the aorta or, 
rarelv, off one of its branches. Most fre- 
quently, it was a single vessel which did 
not have anv relationship to intercostal 
arteries. Infrequently, two separate vessels 
supplied the intralobar pulmonary seques- 
tration. [n about two-thirds of the cases de- 
scribed, the vessel was given off the thoracic 
aorta Just above the diaphragm. In one- 
third of the cases, it came off the abdominal 
aorta just below the diaphragm. It orig- 
inated either from the left or the right side 
of the aorta and ran in a slightly anterior 
direction. Histologic examinations showed 
that this vessel had the characteristics of 
an elastic artery. Intimal thickening and 
atherosclerotic changes were present fre- 
quentlv, presumably the result of damage 
by the svstemic blood pressure. The 
branches of this abnormal vessel were rela- 
tively large and occasionally showed similar 
changes in their walls. Injection of plastic 


* From the Department of Radiology, The University of Chicago, Chicago, Illinois. 
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material, perfusion with saline and angio- 
graphic studies indicated that the seques- 
trated lung was drained by pulmonary 
veins.''*! The question whether a connec- 
tion exists between the arteries of the 
intralobar pulmonary sequestration and 
those of the remainder of the lung has not 
been completely solved, but most of the 
investigators believe that such a connec- 
tion does not exist. No connection to the 
bronchial tree of the normal lung is said 
to be present. This is based upon broncho- 
graphic and postmortem examinations. It 
seems to explain why the sequestrated lung 
frequently is not aerated and consists of a 
solid area of fibrotic tissue. It is not unusual, 
however, to find cystic changes in the 
sequestrated lung. These cysts may con- 
tain not only fluid, but air, and it is 
postulated that inflammatory changes in 
the normal lung surrounding the sequestra- 
tion may produce fistulous connections to 
the bronchial tree of the sequestrated lung, 
thus making it possible for air to enter the 
sequestration. Other observers, however, 
believe that bronchographic and postmor- 
tem studies are not conclusive and that the 
bronchial tree is connected to the remainder 
of the lung. 


CLINICAL SYMPTOMATOLOGY AND 
ROENTGENOLOGIC EXAMINATION 


Clinically, the patients are often asymp- 
tomatic or they have signs of recurrent in- 
fections or bronchiectasis. The chest roent- 
genogram frequently shows a lobulated 
mass situated in the posterior basal seg- 
ment of the lower lobe on either side. Oc- 
casionally, air and fluid containing cysts 
are seen in the vicinity of the mass or in- 
stead of the mass. Inflammatory changes 
can be seen in the entire lower lobe. 
Laminagraphy reveals these findings more 
distinctly. This technique also can demon- 
strate whether any large bronchi enter the 
area of sequestration. Infrequently, a 
laminagram has shown the abnormal vessel. 
Bronchography has disclosed that no 
larger bronchi supply the fibrotic or cystic 
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portion of the sequestrated lung. On the 
other hand, smaller bronchi with irregular 
outlines entering the sequestrated lung 
have been visualized. Bronchoscopy usually 
is not capable of contributing to the diag- 
nosis of pulmonary sequestration. 

Thus, clinical symptomatology and roent- 
genologic examination may suggest in many 
cases the diagnosis of intralobar pulmonary 
sequestration. Chronic inflammatory proc- 
esses, however, are associated relatively 
frequently with intralobar pulmonary se- 
questration. They may change the clinical 
and roentgenologic picture to such a degree 
that a definitive diagnosis cannot be made. 

The only conclusive preoperative diag- 
nostic finding in pulmonary sequestration 
is the demonstration of an abnormal artery 
supplying the sequestrated lung; this can 
be accomplished by aortography. Intra- 
venous and translumbar aortography may 
be of help in some cases. However, as de- 
scribed previously, the vessels supplying 
the pulmonary sequestration can be rela- 
tively small and the contrast material, 
after intravenous aortographv, may not 
cast a sufficiently dense shadow to visualize 
the artery. Translumbar aortography can 
demonstrate the abnormal artery only if it 
is situated below the diaphragm, which is 
the case in one-third of all patients. There- 
fore, the catheter technique, according to 
Seldinger, is the most convenient and valu- 
able method for aortography in patients in 
whom pulmonary sequestration 1s sus- 
pected. One must include the lower portion 
of the thoracic aorta in the examination. 
For best results, aortograms are made 
either in the supine or, even better, in the 
supine oblique position with the patient's 
diseased side slightly elevated. A single 
roentgenogram taken during the injection 
may be satisfactory, but serial roentgeno- 
grams can show the vascularization within 
the sequestrated lung and thereby outline 
the extent of the sequestration and show 
the drainage into the pulmonary venous 
system. If the vessel supplying the pulmo- 
nary sequestration is large enough, selec- 
tive catheterization can show this vessel, 
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lic. 1. (4) Frontal and (B) lateral chest roentgenograms show an irregularly 
shaped mass in the posterior basal segment of the left lower lobe. 


its branches and the drainage into the pul- 
monary vein to greater advantage. 

The tollowing case report illustrates the 
points made above. 





REPORT OF A CASE 


A 29 year old woman had been followed in 
several hospitals during the last 4 years for an 
undetermined lobulated mass in the left lower 
lobe. She had experienced repeated pulmonary 
infections. A chest roentgenogram taken after 
admission to The University of Chicago Hospi- 
tals demonstrated an irregular mass in the pos- 
terior basal segment of the left lobe 
(Fig. 1, ,7 and B). Moderate cardiomegaly was 
present with left ventricular enlargement. A 
bronchogram showed that only a few irregular 
bronchi in this segment filled with contrast 
material (Fig. 2). On laminagrams, a well-de- 
fined mass could be noted in the posterior basal 
segment of the left lower lobe (Fig. 3, Æ and B). 

History and location of the lesion made it 
necessary to investigate the possibility of the 
presence of pulmonary sequestration. Percuta- 
neous transfemoral aortography was performed. 
The serial roentgenograms demonstrated a ves- 


lower 


Fic. 2. Bronchogram of left lower lobe bronchus 
shows only minimal filling of the bronchi supplying 
the posterior basal segment. 


VOL. 92, No. 3 


EG. 5 


sel, measuring 5 mm. in diameter, entering the 
left lower lobe (Fig. 4). It originated directly 
from the aorta just above the medial portion of 
the left hemidiaphragm at the level of the verte- 
bral body D 11. [t was situated between normal- 
sized intercostal arteries. Smaller intrapulmo- 
nary branches of this vessel and venous drain- 
age could not be seen; therefore, a catheter was 
introduced selectively into the abnormal artery 
and 10 cc. of 60 per cent renografin was injected 
with a pressure syringe. This revealed that the 
abnormal artery abruptly branched into many 
smaller arteries just at the point where it en- 
tered the lung (Fig. 5). Several straight vessels, 
measuring about 2 to 3 mm. in diameter, were 
noted slightly stretched over the surface of the 
consolidation. The part of the lung supplied by 
the abnormal vessel was, however, much larger 
than this consolidation. It corresponded to an 
area incompletely filled by bronchography and 
probably represented the posterior basal seg- 
ment of the left lower lobe. Roentgenograph- 
ically, this segment appeared, with the excep- 
tion of the mass, to be normally aerated lung. 
In the venous phase, many small veins com- 
bined to form two larger veins which finally 
united and entered the left atrium (Fig. 6). The 
speed of flow was relatively low and the venous 
filling occurred about $ seconds after the begin- 
ning of the injection. 
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(4) Frontal and (5) lateral laminagrams show the mass more distinctly. 


Dye dilution studies during cardiac catheteri- 
zation showed that a shunt from the aorta 
through the sequestration into the left atrium 
was present. The degree of this left-to-left 
shunt was too small to be estimated. 





Fic. 4. Retrograde percutaneous aortogram shows 
filling of a large vessel entering the left lower 


lobe. 





liG. §. Selective angiogram of the abnormal vessel. 
Arterial phase. The entire posterior basal segment 
is supplied by this vessel. 


DISCUSSION 


The definitive diagnosis of intralobar 
pulmonary sequestration can be made pre- 
operatively only by angiography. Per- 
cutaneous aortography, according to Seld- 
inger, provides an easy and harmless 
method of demonstrating the abnormal 
vessel. 

Recent authors! have em- 
phasized the value of aortographv in the 
diagnosis of pulmonary sequestraion; how- 
ever, only occasionally were the intrapul- 
monary branches of the abnormal vessel or 
the drainage of the sequestrated lung 
demonstrated. This can easily be achieved 
by selective contrast material injection 
into the abnormal vessel, as has been done 
in the reported patient. It was possible to 
outline the extent of the pulmonary seques- 
tration and to show that the venous drain- 
age entered the left atrium. Such a selec- 
tive study may have several advantages. 
The venous drainage should be easily 
recognizable bv selective injection. One can 
determine whether the draining veins enter 
the left atrium (intralobar sequestration) 
or the azvgos svstem or the inferior vena 
cava (extralobar sequestration). One also 
can show the extent of the area supplied 
by the abnormal vessel. In the case re- 
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ported here, the consolidation was not 
vascularized but an area of roentgenologi- 
cally normal lung (size and location sugges- 
tive of the posterior basal segment) was 
supplied by the artery. It is not clear 
whether this entire segment must be con- 
sidered sequestrated (possibly with cvstic 
changes imitating normal lung) or whether 
the aberrant vessel had anastomoses to the 
arteries of the normal lung. If surgery is in- 
dicated, the extent of the resection depends 
on the amount of lung supplied bv the ab- 
normal vessel, as outlined by angiography. 
Selective catheterization also facilitates in- 
jection of dye for dilution curves directly 
into the sequestration for determination of 
circulation time and confirmation of the 
site of venous drainage. 

A large left-to-left or left-to-right shunt 
through a pulmonary sequestration has 
been postulated by some authors on the 
basis of clinical observations but has never 
been proven objectivelv. In the case 
reported here, a significant shunt was not 
present according to dye-dilution curves 
following injection into the thoracic aorta, 
sampling in the left atrium. The left 





Fic. 6. Selective angiogram. Venous phase. Drain- 
age into two large veins (arrows) which enter the 
inferior pulmonary vein is seen. 


VoL. 


92, No. 3 


ventricular enlargement, therefore, cannot 
be explained as a result of such a shunt in 
this patient. 


SUMMARY 


The choice diagnostic procedure for 
recognition of intralobar pulmonary seques- 
tration Is retrograde aortographv which is 
capable of revealing the abnormal vessel 
supplving the sequestrated lung. Bv selec- 
tive angiography of this vessel, the extent 
of pulmonary sequestration and the venous 
drainage can be visualized. All patients 
with either cvstic changes or consolidation 
in the medial portion of the lung base on 
either side of unexplained origin should be 
investigated bv aortographv. 


Klaus Ranniger, M.D. 
950 East sgth Street 
Chicago 37, Illinois 
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INTRALOBAR BRONCHOPULMONARY 
SEQUESTRATION* 


REVIEW OF THE LITERATURE AND REPORT OF 2 CASES 


By P. BIRGER NIELSEN 


GENTOFTE, DENMARK 


ULMONARY sequestrations mav be 

extralobar or intralobar. The former 
constitutes a congenital, complete ectopia 
of a segment of the pulmonary tissue in the 
form of an accessory, ectopic lobe situated 
above or below the diaphragm outside the 
normal lung and enclosed in its own vis- 
ceral pleura. Intralobar sequestration is a 
congenital pulmonary malformation usu- 
ally consisting of a cystic, nonfunctioning 
segment of a lobe; it is generally located 
paravertebrally and basally within the 
visceral pleura of the lobe concerned and is 
supplied with arterial blood via one or more 
aberrant arteries from the systemic arterial 
svstem. These vessels most frequently arise 
from the thoracic aorta, less frequently 
from the abdominal aorta, and rarely from 
the aortic arch, an intercostal artery, or one 
of the branches of the celiac artery. The 
significance of this anomaly lies in the fact 
that it produces bouts of chronic, recurrent 
pulmonary infections and also constitutes a 
risk of fatal injury to the frequently large 
and hidden aberrant vessel during opera- 
tion, 1f preoperatively the surgeon is una- 
ware of its presence and location. 

Since the clinical symptoms are nonspe- 
cific and the roentgenologic changes dem- 
onstrated by conventional standard tech- 
niques nonpathognomonic, it is important 
to be familiar with the existence of this 
anomaly for differential diagnostic reasons. 
A definitive preoperative diagnosis can be 
made only by thoracic aortography. As the 
condition is rare and the diagnosis often not 
made until at operation, 2 cases are pre- 
sented—1 diagnosed preoperatively and 
both confirmed surgically. 


REVIEW OF THE LITERATURE 

Abnormal pulmonary arteries were de- 
scribed in 1777 by Hubert, but pulmonary 
sequestration does not appear to have been 
reported until 1861 by Rokitansky?’ and 
Rektorzik.? However, 1t was not until after 
the publications of Harris and Lewis,'5 in 
1940, Árce,! in 1945, and Pryce ef 4/.?*?5 in 
1946 and 1947, that the condition became 
better known, and an increasing number of 
reports have appeared within the past 
decade. So far, about 125 cases are on rec- 
ord, the great majoritv in the British and 
American literature. In Scandinavia cases 
have been reported by Jensen and Wolff? 
Brunner,’ and Martiny.? [n most of these 
cases the abnormal vessels have been opera- 
tive findings, with only a small number 
being diagnosed roentgenologically before 
operation.?^;35 


ETIOLOGY 


[n general, it is agreed that the condition 
represents an embryonic malformation, but 
there 1s divergence of opinion as to the 
mechanical and dvnamic factors of its 
causation. This 1s apparent from the sev- 
eral, often diametrically opposed, theories 
regarding the embrvologic genesis. In broad 
terms, the development of the lung is as 
tollows: The primitive foregut becomes 
covered in early fetal life by a vascular 
plexus, the  postbranchial pulmonary 
plexus,'? with numerous anastomoses to the 
primitive ventral and dorsal aorta. The 
trachea and bronchi are entodermal deriva- 
tives from the foregut, while the vessels and 
connective tissue are of mesodermal origin. 
From the foregut, the primitive bronchi 


* From the Department of Roentgenology, Copenhagen County Hospital, Gentofte, Denmark. 
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("lung buds") ramify into the pulmonary 
plexus, and at the same time the pulmonary 
artery arises from the sixth branchial arch, 
sending its branches into the primitive 
pulmonary anlage within the plexus. 
Simultaneously, the anastomoses connect- 
ing the pulmonary plexus and the primitive 
aortae undergo atrophy. For some un- 
known reason, one or more of these anasto- 
moses may persist. This gives rise to an 
abnormal arterial supply to a segment of 
the future lung. This anastomosis is usually 
in the basal part of the thorax. In the great 
majority of cases, it supplies part of the 
lower lobe and is usually found in the in- 
ferior pulmonary ligament. According to 
Prvce,? this abnormally persisting artery is 
the cause of intralobar sequestration. He 
feels that the normal pulmonary artery to 
the lobe in question does not fully develop 
and the abnormal artery separates part of 
the relevant lobe by mechanical traction 
from the other, normal portions of the lobe. 
A tactor which militates against this theory 
is that an abnormal artery may exist with- 
out simultaneous sequestration. Natucci,? 
for instance, has described a case in which 
both normal lower lobes were supplied by 
aberrant arteries arising from the aorta. 
Bovden? in opposing Pryce's?* theory, em- 
phasizes that as compared to the substan- 
tial bronchial branches the fetal capillary 
plexus is such a slender structure that it 
seems unlikely that these small vessels 
could cause sequestration by mechanical 
traction. In his opinion, the abnormal arter- 
ies develop as described by Pryce, but the 
sequestration is attributed to abnormal 
metabolic processes during the embryonic 
development of the lung, e.g., ectopic chori- 
onic vessels or deficiency diseases. He states 
that infant rats born of rats with avitami- 
nosis A may exhibit pulmonary agenesis. 
According to Smith,” the anomaly is caused 
by the high blood pressure transmitted by 
the abnormal arterial branch from the aorta 
to the lung segment concerned. As a conse- 
quence, the pulmonary tissue is said to 
undergo fibrous and cystic degeneration. 
Others? believe that the etiology is to be 
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sought in the abnormal, superfluous 
branches from the lung buds of the primi- 
tive foregut—branches which lose the con- 
nection with the permanent, normal bron- 
chial tree. This theory also explains the 
formation of: sequestrations containing 
pancreatic tissue;* mediastinal cysts con- 
taining gastric mucosa, pancreatic and 
salivary tissue; lung cysts with a content of 
gastric mucosa,? and mediastinal cysts 
with an architecture resembling that of 
lung cysts. Breckler® feels that the condi- 
tion may be explained by deficient coales- 
cence between the entodermal bronchial 
segment and the mesodermal alveolar seg- 
ment—a theory similar to that advanced to 
explain the origin of a cystic kidney. Cole 
et al? consider the cause to be a generalized 
embryonic inhibition of all tissues situated 
dorsobasallv in. the thoracic cavitv. The 
coexistence of diaphragmatic hernia!” and 
other vascular malformations, such as 
arteriovenous fistulae, they think sup- 
ports this theory. 


PATHOLOGIC FINDINGS 


The affected pulmonary segment shows 
an infiltration and a more or less pro- 
nounced bronchiectatic or cystic degenera- 
tion. The cavities are filled with mucus 
and, in the presence of infection, purulent 
fluid. Frequently, the sequestered segment 
is a closed entity without any connection to 
the normal bronchial system of the lobe. 
Occasionally, there may be one or several 
small communications with the normal 
bronchial tree, secondary to the infection in 
the sequestered area, when the cysts may 
contain air. The infection may be hema- 
togenous or bronchogenic. The epithelium 
is described as ranging from the ordinary 
ciliated bronchial epithelium—-which is 
most common—to flat epithelium. The 
tissue between the dilated bronchi and 
cysts consists predominantly of connective 
tissue with inflammatory reaction, whereas 
the respiratorv structures are underdevel- 
oped and without the usual content of 
pigment owing to the lacking communica- 
tion with the air passages. This also applies 
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to the lymph nodes in the accessory hilus 
which mav be present at the site of entrv of 
the aberrant artery. In a review of a total of 
114 cases from the literature, including one 
of their own, Turk and Lindskog? found 
involvement of the left lower lobe in about 
two-thirds of all cases and involvement of 
the right lower lobe in about one-third. In 2 
cases the right upper lobe and in 1 case the 
left upper lobe were involved, while in 8 
cases the site was not given. As a rule, the 
artery arises from the thoracic aorta, cours- 
ing basally to the lung through the inferior 
pulmonarv ligament. The caliber of the 
vessel ranges from that of the femoral ar- 
tery to the very small, multiple arteries. 
However, the abnormal artery may also 
arise from the abdominal aorta or its 
branches and penetrate the diaphragm. 
Origin from the aortic arch or from an inter- 
costal artery has likewise been described. 
Turk and Lindskog? found that the arterv 
arose in the thoracic aorta in 74 cases, in 
the abdominal aorta in 25 cases, in an inter- 
costal artery in 5, and in the aortic arch in 1 
case. Seventeen patients had multiple aber- 
rant vessels. Out of the 61 cases in which 
the diameter of the vessel was given, the 
caliber of the artery was between 0.4-1.0 
cm. in $1, more than I cm. in s, and less 
than o.4 cm. in 5. The venous drainage 
usually seemed to be to the pulmonary 
vein. Tosatti and Gravel* and Cole e a/.” 
observed anastomoses between the aber- 
rant vessel and the pulmonary artery. By 
injection, Kergin? demonstrated drainage 
to the pulmonary vein. Turk and Lind- 
skog found that drainage to the vena 
caval system was described in onlv 6 cases, 
including their own. Drainage to the hemi- 
azvgos and azvgos vein, to the portal vein, 
or to the suprarenal vein has also been 
reported. 


SYMPTOMS AND SIGNS 


The condition is most often found in 
young people. According to Bruwer e a7.,? 
the great majority come to operation before 
the age of 3o vears. Most of the patients are 
males. The symptoms and signs are not 
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characteristic, consisting of fever, cough, 
expectoration, and in some cases hemopty- 
sis; 7.e., not different from those noted in 
other recurrent and chronic respiratorv 
infections, such as bronchitis, bronchiec- 
tasis, pneumonia, tuberculosis, pulmonary 
abscess, cystic disease of the lung, and 
infected cysts. Bronchoscopy may be nor- 
mal or it may show mucus and pus in the 
bronchi, but no typical changes. 
ROENTGEN FINDINGS 

On plain roentgenograms the disease 
generally manifests itself as a rather mas- 
sive, well-defined, in most cases basal, infil- 
tration whose long axis may, according to 
Wyman and Eyler,’ often be directed 
posteriorly and medially. In cases of com- 
munication with the bronchial tree, there 
are more or less marked cystic changes with 
one or more fluid levels. Bronchography 
usually does not produce any filling of the 
involved area, while the adjacent normal 
bronchial segments show arcuate displace- 
ment—an appearance which should sug- 
gest sequestration. When there is a commu- 
nication with the bronchi, a small amount 
of contrast medium may pass down into 
cystic or highly bronchiectatic segments. In 
the event of such a finding, thoracic aor- 
tography should be carried out to obtain a 
diagnosis, the patient usually being rather 
young and easily amenable to catheteriza- 
tion. This should be done partly to estab- 
lish the diagnosis preoperatively and partly 
to map the origin, course, and caliber of the 
abnormal artery and to determine whether 
one or more arteries are present so as to 
facilitate the surgical procedure. Among 
differential diagnostic possibilities are 
cysts, possibly infected, pulmonary abscess, 
bronchiectasis, and Bochdalek hernia; aor- 
tography will lead to a positive diagnosis. 


REPORT OF CASES 


Case r. This 17 year old boy had always been 
in good health. In a tuberculosis survey 4 
months previously, an anteroposterior roent- 
genogram had shown no abnormalities. During 
the past month, the patient had symptoms 
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suggesting left-sided pleuropneumonia. Chest 
roentgenography revealed a massive infiltra- 
tion with small translucencies in the dorsobasal 
part of the left lower lobe (Fig. 1, 4 and B). 
laminagraphy showed small cavities (Fig. 24). 
On left-sided bronchography (Fig. 25), there 
was no filling of the laterobasal and postero- 
basal parts of the lobe. Thoracic aortography 
was not performed. Left-sided thoracotomy 
revealed intralobar bronchopulmonary seques- 
tration of the basal part of the lower lobe at the 
site of the bronchographic filling detect. In the 
inferior pulmonary ligament, an artery, the 
caliber of a finger, was found which arose from 
the thoracic aorta and, after supplving the 
sequestered segment, drained into the pulmo- 
nary vein. The lower lobe was removed, leaving 
only the normal apical segment. Gross and 
microscopic examination showed inflammatory 
infiltration in a tissue with a sparse ectatic 
bronchial system and The aberrant 
artery was found to be atherosclerotic. Roent- 
genography of the specimen with contrast 
medium in the bronchi showed a sparse bron- 
chial system and no filling of the major part 
(lig. 34). Injection of contrast medium into 
the aberrant artery showed flow to the normal 
pulmonary vein (Fig. 35). 
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Case 11. This male, aged 23 years, had always 
been in good health. However, 4 years previ- 
ously, chest roentgenograms demonstrated 
small infiltrations and cystic translucencies 
dorsobasally in the left lower lobe. Four months 
before admission he had fever, cough, expecto- 
ration, and left-sided chest pain. There was some 
improvement with antibiotic medication. He 
was admitted for evaluation since a chest roent- 
genogram taken elsewhere had shown changes 
interpreted as left-sided pulmonary abscess. On 
admission he was found to have a relatively 
well-defined infiltration posterobasally in the 
left lower lobe with cavitation and fluid levels 
(Fig. 4, 4 and B). Left-sided bronchograms 
showed nonfilling of the posterobasal segment 
(Fig. 5, Æ and B). Because bronchopulmonary 
sequestration was suspected, thoracic aortog- 
raphy was performed using a catheter intro- 
duced by way of the femoral artery (Seldinger’s 
method). This showed an aberrant artery, 11 
mm. in width, arising from the thoracic aorta 


just above the diaphragm and supplying the 


posterior part of the left lower lobe at the site of 
the cystic infiltration and the bronchographic 
filling defect (Fig. 6, 4 and B). A diagnosis of 
bronchopulmonary intralobar sequestration 
was made which was confirmed at operation 


Ts 


+ 


x 
- 


mR, 


Hic. 1. Case 1. (4 and B) Plain chest roentgenograms show a massive, partially cystic infiltration postero- 
basally in the left lower lobe. A shadow, the width of a finger, corresponding to the course of the aberrant 


artery 1s seen on the original roentgenogram (arrow). 
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Fic. 2. Case 1. (4). Laminagram shows the small cavities. ( B) Bronchogram reveals 
basal segments of the left low er lobe. 





Fic. 3. Case 1. (4) Operative specimen showing the left lower lobe except for its apical segment. Contrast 
medium injected into the normal bronchial branch demonstrates that the greater part of the lower lobe 
has no connection with the normal bronchial tree. (B) Contrast medium injected into the aberrant artery 


(7) reveals drainage to the pulmonary vein (x). 
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Fic. 4. Case ir. (4 and B) Roentgenograms show infiltration posterobasally in the left lower lobe 
with cystic translucencies. There is no visible aberrant artery. 





ric. 5. Case ir. (4 and B) Bronchograms show nonfilling of the posterobasal segment of the left 
lower lobe and arcuate displacement of the adjacent bronchi. 
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Fic. 6. Case 11. Thoracic anteroposterior (4) and lateral (B) aortograms. An aberrant artery, the width of 
a finger, originating from the thoracic aorta just above the diaphragm and coursing dorsolaterally to the 
sequestered pulmonary segments Is seen. 


consisting of thoracotomy and lower lobec- 
tomy. The apical segment was found to be 
normal, while the remaining parts of the lower 
lobe were highly inflamed, bronchiectatic and 
cystic. The pulmonary artery and the bronchial 
branches were smaller than normal. The seques- 
tration was supplied by an aberrant artery, the 
width of a little finger, originating in the thorac- 
ic aorta through the inferior pulmonary liga- 
ment. On microscopic examination, the speci- 
men showed inflammation with considerable 
pus, bronchiectasis and cysts, and a lack of 
normal alveolar architecture. Roentgenography 
of the operative specimen revealed major and 
minor cysts (Fig. 74). Injection of contrast 
medium into the aberrant artery showed that 
it supplied the basal sequestered segment of the 
lobe (Fig. 7B), but venous drainage to the 
pulmonary vein could not be demonstrated 
(Fig. 7C). 


DISCUSSION 


The presented 2 correspond to 
others described previouslv. Both patients 
were voung and showed clinically the 
symptoms and signs which are found in 


Cases 


bronchiectasis, pneumonia, infected cvst 
or pulmonary abscess. 

As in the majority of previously reported 
cases, the lesion involved the left lower 
lobe, and the aberrant arterv originated in 
the thoracic aorta. In Case 1 the diagnosis 
was not made preoperatively, although the 
plain roentgenogram as well as the broncho- 
grams showing nonfilling of the infiltrated 
area and displacement of the adjacent 
bronchi did give rise to a suspicion of se- 
questration. If aortography had been car- 
ried out, it would no doubt have established 
the diagnosis. On retrospective review, 1t 
was noted that the plain roentgenograms 


(Fig. 1,7) as well as several laminagrams 
(Fig. 28) showed a vague shadow, the 


width of a finger, corresponding to the 
course of the aberrant arterv. That this 
aberrant artery may be visible on plain 
roentgenograms and laminagrams has pre- 
viously been reported by Rouan e a/.?* In 
Case 11 sequestration was considered the 
most likely differential diagnosis, estab- 
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Fic. 7. Case 11. Operative specimen showing 
the left lower lobe. (7) There are infiltra- 
tions with major and minor cysts. (B) Con- 
trast medium shows the aberrant artery ( 7) 
without drainage to the pulmonary vein. (C) 
Contrast study after medium was injected 
into the pulmonary vein (x). 


lished by thoracic aortography and con- inflammatory changes become chronic and 
firmed at operation. Since the infection recurrent. An early diagnosis and operation 
affects a more or less completely dissociated | —lobar resection or lobectomy—are, there- 
and poorly drained segment of the lung fore, of the utmost importance. Preopera- 
with marked possibilities of retention, the tively, the diagnosis can be made only by 
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thoracic aortography which should be car- 
ried out in order to establish the presence of 
the abnormal vessel or vessels, their size, 
number, location, and origin. Fatal opera- 
tive complications owing to a lacking pre- 
operative knowledge of the presence of the 
hidden aberrant arterv have been described 
by Harris and Lewis,'* Butler,!? and Doug- 
lass.'? Wellauer*’ considers the possibility of 
demonstrating the abnormal artery bv 
retrograde Seldinger aortography doubtful, 
and feels that selective catheterization 1s 
indicated. This is not confirmed by our 
case. On the contrary, the aberrant vessel 
was very distinctly visualized and located. 
This has also been reported bv other 
workers. Catheterization mav, however, be 
of great value in assessing the hemodynamic 
factors, as frequently the sequestered seg- 
ment represents a considerable shunt, with- 
holding oxvgenated blood from the svs- 
temic circulation. Kergin?' has described a 
patient whose working tolerance was im- 
proved after the operation, but further data 
on this interesting point still seem to be 
lacking. 


SUMMARY 


Two surgically confirmed, tvpical cases 
of intralobar bronchopulmonary sequestra- 
tion are reported. In both the left lower 
lobe was involved. In one case the diagnosis 
was made preoperatively by retrograde 
thoracic aortography which distinctly visu- 
alized the abnormal vessel. It is emphasized 
that repeated and chronic respiratory in- 
fections with basal, possibly cystic infiltra- 
tions should always draw attention to the 
possibility of bronchopulmonary sequestra- 
tion. Thoracic aortography is the procedure 
of choice in establishing the diagnosis and 
should always be carried out preoperatively 
in suspected cases in order to avoid fatal 
complications due to the cutting of the 
frequently hidden, aberrant artery. 
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CHANGES IN THE MAIN PULMONARY ARTERY 
SEGMENT FOLLOWING PULMONARY EMBOLISM* 


By J. GEORGE TEPLICK, M.D., MARVIN E. HASKIN, M.D., 
and STANLEY B. STEINBERG, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ULMONARY embolism is of greater 

frequency than generally suspected. In 
our general hospital, it is probably the most 
common acute pulmonary lesion, out- 
numbering pneumonia and bronchogenic 
carcinoma.’ Nevertheless, not more than 
half the cases are correctly diagnosed from 
the combined clinical and roentgen fea- 
tures.’"> We believe that a more accurate 
roentgen diagnosis can be made by careful 
attention to alterations in the contour of 
the main pulmonary artery segment of the 
left cardiac border. Our observations sug- 
est that this is a fairly specific roentgen 
nding in pulmonary embolism. 


g 
h 


CLINICAL AND ROENTGEN FEATURES 

The classic symptoms that arouse suspi- 
cion of pulmonary embolism are pleuritic 
pain, cough and hemoptvsis. Unfortu- 
nately, these symptoms are often com- 
pletely absent. Inability to take a deep 
breath may be the earliest and sometimes 
only symptom.* Painless mild dyspnea from 
embolism is frequently overlooked by both 
patient and clinician. Israel and Goldstein? 
reported respiratory symptoms in only 
about 40 per cent of the cases; confusing 
cardiovascular, abdominal and even central 
nervous system symptoms were seen in 
many others. A preceding history of phlebi- 
tis, recent surgery, cardiac disease or 
trauma may prove helpful in alerting the 
clinician. 

Our knowledge of the roentgen manifes- 
tations has been greatly amplified and 
clarified by many careful observations and 
animal experimentation.2*57 Unfortu- 
natelv, pulmonary parenchymal changes 
from embolism can simulate manv other 
pulmonarv diseases. 


Fleischner? points up the nonspecificity 
of the pulmonary changes in his remark, 
"any consolidation in lower and mid-lung 
fields, in direct relation to the pleura, may 
represent an infarct." However, about 10 
per cent of infarcts occur in the upper 
lobes.! Consequentlv, without clinical and 
electrocardiographic corroboration, the 
diagnosis cannot be made from roentgen 
pleuropulmonary changes alone. 

In about 20 per cent of cases of pulmo- 
nary embolism, infarction does not occur.‘ 
Nevertheless, even without infarction there 
may be recognizable segmental oligemia 
with increased radiolucency and decreased 
markings in the affected lung area.?5 Adja- 
cent segments may show compensatory 
hyperemia. 

Many investigators have mentioned that 
cor pulmonale can occur in fairly massive 
embolism, with or without infarction. It is 
to this facet of the roentgen picture that 
our interest and observations are directed; 
the detailed roentgen picture of pulmonarv 
embolism has been exhaustively presented 
bv a host of investigators." We must em- 
phasize, however, that electrocardiographic 
changes are often of great diagnostic value 
in cases of suspected pulmonary embolism. 

In the majority of cases of pulmonary 
embolism, we have noted on roentgeno- 
grams some degree of increased fullness of 
the main pulmonary artery segment (often 
miscalled the pulmonary conus). This could 
be accurately ascertained only by compara- 
tive roentgenograms, either before or consid- 
erably after the pulmonary embolism. 
Figure 1, Æ and B shows a typical example 
of such a case; the fullness of the pulmonary 
artery segment becomes apparent when 
compared with the pre-embolic roentgeno- 


* From the Departments of Radiology, The Hahnemann Medical College and Hospital, and the Philadelphia General Hospital, 
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lic. 1. (£ and B) A definite increase in prominence 
of the main pulmonary segment is noted in B, 
shortly after infarction when compared to 4, which 
was made before the embolic episode. 


gram. From this alteration of the pulmo- 
nary segment, we now are able to make the 
correct diagnosis of pulmonary embolism 
more frequently. We are confident that, 
when present, this change in the pulmonary 
artery contour is almost pathognomonic of 
embolism as contrasted with the nonspeci- 
ficity of the other roentgen findings. Ordi- 
narily, the size and shape of the main pul- 
monary artery segment are remarkably 
constant on chest roentgenograms made 
over long intervals. Serial chest roentgeno- 
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prams (from days to years apart) of indi- 
viduals without embolic histories were 
carefully scrutinized, but no significant 
alterations of the main pulmonary segment 
were observed. Consequently, the altera- 
tions in embolism cases assume a significant 
specificity. 

Forty-four confirmed recent cases of pul- 
monary embolism at our institution were 
reviewed. In about two-thirds of the cases 
with adequate serial chest roentgenograms, 
the change in the pulmonary artery seg- 
ment was unequivocal. Figure 2, 4, B, and 
C shows tracings of main pulmonary artery 
segments as visualized on roentgenograms 
shortly after the embolic episode compared 
with those seen on earlier roentgenograms 
or on serial studies made after the occur- 
rence of the embolism in 28 proven cases. 
Further corroboration of the validity of our 
observations came from current cases of 
clinically suspected embolism. Old roent- 
genograms or serial studies have revealed 
pathognomonic changes of the pulmonary 
segment in about 75 per cent of the cases. 
These cases, however, have not been vert- 
fied by autopsy. 


DISCUSSION 


The most distensible segment of the 
heart is the main pulmonary artery seg- 
ment. Its shape and configuration rapidly 
reflect changes in either pulmonary pres- 
sure or blood flow. 

On a single roentgenogram, a prominent 
main pulmonary artery segment can be of 
varied etiology and significance. In the first 
two decades of life, this prominence is a 
common normal appearance, and correlates 
with the normally louder second pulmonic 
sound in youngsters. In later life, a promi- 
nent pulmonary artery segment is fre- 
quently seen in chronic cor pulmonale, 
reflecting an increased pulmonary pressure 
and/or significant diminution of the pul- 
monic vascular bed volume from a host of 
parenchymal diseases (emphysema, fibro- 
sis, chronic congestive failure, congestive 
heart disease, etc.). 
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A sudden discernible increase in the 
prominence of the main pulmonary artery 
segment, or acute cor pulmonale, can occur 
in conditions other than pulmonary embo- 
lism, although far less commonly. This 
segment fullness may be found in acute 
thyroid storm, in sudden development of 
peripheral arteriovenous fistula, or in sud- 
den high output states resulting from se- 
vere fevers, especialy in anemic patients. 
However, not only are these comparatively 
rare, but the clinical features and the ab- 
sence of roentgen pleuropulmonary disease 
readily distinguish them from pulmonary 
embolism. 

The association of cor pulmonale with 
à prominent pulmonary segment is a well 
documented finding in many cases of mas- 
sive pulmonary embolism; however, ade- 
quate emphasis has not been placed on the 
smaller, but significant, alterations of the 
pulmonary segment which can be noted 
only by serial roentgenography or by com- 
parison with earlier chest roentgenograms 
(Fig. 2, 4, B and C). In the presence of 
pleuropulmonary pathology, such pulmo- 
nary segment alterations may be signifi- 
cant, and pulmonary embolism with infarc- 
tion should be considered. Even if infarc- 
tion does not develop, this increase in the 
pulmonary artery segment may prove to be 
the diagnostic clue. 

In the absence of anv available chest 
roentgenograms prior to the pulmonary 
episode, serial follow-up studies will often 
demonstrate the diminution of the main 
pulmonary artery segment. This may come 
as a surprise, especially when the segment 
did not appear particularly enlarged on the 
original roentgenogram. In a considerable 
number of cases, because of this feature, 
the clinical and roentgen diagnosis of 
pleuropneumonia was correctly altered to 
pulmonary embolism. We must re-empha- 
size that even small alterations in the main 
pulmonary artery segment are significant. 


SUMMARY AND CONCLUSIONS 


A higher percentage of accuracy in the 
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Fic. 2. (4, B and C) Tracings of the main pulmonary 
artery segments obtained from 28 proven cases of 
pulmonary embolism with infarction. The second 
of each tracing pair shows the various degrees of 
increased fullness of the main pulmonary artery 
segment occurring shortly after infarction. Many 
of these changes are subtle but quite definite when 
contrasted with the pulmonary segment seen on 
earlier roentgenograms made before the infarction 
or on serial studies made after the infarction (first 
of each pair). 


diagnosis of pulmonary embolism can be 
attained by critical examination of the 
main pulmonary artery segment on serial 
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roentgenograms. From our relatively lim- 
ited survey, we estimate that significant 
alterations of the main pulmonary artery 
segment occur in 65-75 per cent of cases of 
pulmonary embolism. 

Pleuropulmonary changes alone, regard- 
less of their appearance or duration, are not 
specific. In conjunction with such changes, 
alteration of the main pulmonary artery 
segment noted on serial roentgenograms 1s 
practically pathognomonic of pulmonary 
embolism. 


J. George Teplick, M.D. 

Department of Radiology 

Hahnemann Medical College and Hospital 
230 North Broad Street 

Philadelphia 2, Pennsylvania 
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NODULAR ASPIRATIONAL PULMONARY 
HEMOSIDEROSIS* 


By ROBERT A. GREEN, M.D. 


ANN ARBOR, MICHIGAN 


ODULAR pulmonary hemosiderosis 
which can be visualized on roentgeno- 
grams and established as such at necropsv 
is unusual. Two major varieties are de- 
scribed: the one associated with mitral 
stenosis,? and occasionally with other forms 
of left ventricular failure;? the other an 
unusual idiopathic form characterized bv 
recurrent febrile episodes and anemia desig- 
nated idiopathic pulmonary hemosidero- 
sis.7816-18 This latter variety involves 
children predominantly, but also occurs in 
adults.” Goodpasture's syndrome, a variant 
associated with a bizarre nephritis, has also 
received much emphasis in recent litera- 
rg bns 
The pathogenesis of the hemosiderosis 
remains obscure even in these patients. 
Most authors postulate anatomic or im- 
munologic abnormalities which lead to 
diffuse hemorrhage and subsequent hemo- 
siderosis. That hemosiderosis can occur due 
to aspiration from a single bleeding site 
seems unlikely, as it 1s not a frequent find- 
ing in patients with carcinoma, bronchiec- 
tasis, tuberculosis and other diseases in 
which recurrent hemoptysis from isolated 
foci may be a major symptom. It is the 
purpose of the author, nevertheless, to 
describe 3 patients in whom marked recur- 
rent hemoptysis due to carcinoma of the 
lung in association with bullous disease 
eventuated in progressive pulmonary nodu- 
lation due to aspirational pulmonary hemo- 
siderosis. 


REPORT OF CASES 


Case 1. A 45 year old white male presented at 
the Veterans Administration Hospital, Bronx, 
New York, with a long history of chronic cough 
productive of white, nonpurulent phlegm. 


Daily streaking of the sputum with blood had 
been present for 5 months. He smoked ciga- 
rettes heavily. Although childhood pertussis 
was recalled, he gave no clear-cut historv of 
pneumonia or chronic suppuration. Phvsical 
examination elicited bilateral coarse wheezing. 
A tuberculin skin test was positive. Laboratory 
studies were unremarkable. His sputum was 
largely mucoid with some admixture of puru- 
lent material and blood. Chest roentgenograms 
revealed no abnormalities other than a bulla 
at the left apex (Fig. 1,7). Otorhinolaryngo- 
logic examination was negative, and bronchos- 
copy demonstrated no abnormalities. other 
than diffuse mucosal erythema and edema. 
Acid-fast studies and sputum cytology were 
negative. À diagnosis of severe bronchitis and 
possible bronchiectasis was made and antibiotic 
and bronchodilator therapy was instituted with 
little success. Bronchography was deferred be- 
cause of persistent bronchorrhea. 

Three months later the hemoptysis increased 
and he was re-admitted. Physical examination 
was unchanged. The hemoglobin was 9.3 gm. / 
100 ml. on admission, and subsequently lower. 
He was dyspneic out of proportion to his 
anemia, and the amount of blood lost via ex- 
ternal hemoptysis seemed disproportionately 
small for the degree of anemia. Bronchoscopy 
again revealed only diffuse bronchitis. The 
chest roentgenogram (Fig. 1B) now showed a 
confluent left apical infiltrate and patchy nodu- 
lar disease in the left upper lung field. This 
progressed, as did his hemoptysis, and a few 
nodules appeared in the right lung (Fig. 10). A 
sputum sample revealed hemosiderin-contain- 
ing macrophages, but no malignant cells. The 
pulmonary findings were considered bizarre, 
and the diagnoses entertained included pulmo- 
nary vasculitis, idiopathic hemosiderosis, vascu- 
lar malformation or tumor with an unusual 
unilateral lymphatic or bronchogenous spread. 
It seemed likely that the left upper lobe was the 
site of the hemoptysis, and thus left upper lobe 


* From the Pulmonary Diseases Section of the Medical Service, Veterans Administration Hospital, and the University of Michigan 
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lobectomy was performed for diagnosis and 
therapy. A 2X7 cm. cylindrical tumor mass 
was present extending posteroanteriorly in the 
left upper lobe. It had invaded a fibrous apical 
bulla which contained a necrotic and hemor- 
rhagic clot (Fig. 2.7). The lingula and anterior 
segment were congested but not nodular. 
Microscopically, however, the diffuse nodular 
disease was clearly due to an organizing pul- 
monary reaction to aspirated blood, with manv 
nodular clusters of alveolar hemosiderin-laden 
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Fic. 1. Case 1. (4) Roentgenogram on admis- 
sion. The oblique line within the circle of the 
left first rib represents the bulla wall. 
Infiltrate under and below the left clavicular 
head was not originally appreciated. (B) 
Increased density under first rib; nodular 
disease of left upper lobe. (C) Progressive 
nodular aspirational hemosiderosis. 


macrophages associated with fibrosis present 
throughout the lobe (Fig. 2B). The hemosidero- 
sis was greatest in the lingula, less striking in 
the anterior segment, and minimal, adjacent to 
the tumor, which was a poorly differentiated 
epidermoid carcinoma histologically. Many of 
the bronchi were stuffed with fresh blood and 
older laden macrophages (Fig. 2C). No specific 
bleeding site was found within the carcinoma 
or the bulla. 

The hemoptysis ceased, but the patient did 
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lic. 2. Case 1. (4) Specimen shows bulla con- 
taining clot above, invading carcinoma be- 
low (X4). (B) Extensive hemosiderosis of 
lingula (4). (C) Hemosiderin-laden macro- 
phages in large bronchus (X 10). 








poorly otherwise tollowing the thoracotomy and 
died 1 month later of probable cerebral metas- 
tases. The right lung lesions may have cleared 
slightly before death. Unfortunately, necropsy 
was not obtained. 


Comment. This patient was unique 1n 
our experience and impressed all of us, as it 
appeared that the persistent. pulmonary 
hemorrhage had led to aspirational nodular 
hemosiderosis. The finding of hemosiderin- 
bearing macrophages in the sputum, ordi- 
narilv considered a confirmatorv diagnostic 
test in the idiopathic form of hemosidero- 
sis,^!* is of great interest. 


Case rr. A 38 year old Negro male had had 
bullae demonstrated on a chest roentgenogram 
(Fig. 3.7). Three years later he became severely 
schizophrenic, and when hospitalized his roent- 
genogram showed fine feathery infiltration in 
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ic. 3. Case 11. (77) Roentgeno- 
gram made 3 years before 
present illness. Bilateral up- 
per lobe bullae. (B) Present 
illness. Featherv infiltrate in 
both mid-zones, especially 
right. (C) Progressive hemo- 
siderosis on right. Thick- 
walled apical bulla. (D) Fluid 
level in bulla. (E) Broncho- 
gram showing alveolar pat- 
tern on right, hemosiderosis 
on left. 


both mid-lung zones (Fig. 35). One month later 
hemoptysis was recorded, for the first time, by 
the nurses observing him. Shortly thereafter, a 
massive hemoptysis followed by fever and right 
chest pain led to his transfer to the Ann Arbor 
Veterans Administration Hospital. 

On admission diffuse rales were heard in the 
right chest. Hemoptysis, as much as 500 ml. per 
day, persisted. The hemoglobin was 5.6 gm./ 
100 ml., and remained at this level despite 
multiple transfusions. His roentgenogram now 
showed progression of nodularity on the right, 
with an apparent thick-walled apical "cavity" 
(Fig. 3C). A fluid level was present in a pre- 
existing bulla (Fig. 3D). Tuberculosis was con- 
sidered because of the cavity and the diffuse 
nodular spread, but the tuberculin skin test was 
negative and five successive sputum examina- 
tions were positive for malignant cells. He ran 
a low-grade fever and always seemed dyspneic 
out of proportion to the degree of his anemia or 
his pulmonary disease. Bronchoscopy was per- 
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Fic. 4. Case 11. (4) Carcinomatous implant within a bulla. A fibrous wall separates this bulla 
from another below (X16). (B) Pulmonary hemosiderosis (X 25). 


formed and was negative. Bronchography was 
unsatisfactory, although the "alveolar" pat- 
tern?? of the contrast material and the disease 
itself, which had progressed on the left, were 
remarkably similar (Fig. 3E). The previous case 
was recalled and a tentative diagnosis of car- 
cinoma involving the right upper lobe bullae 
with aspirational nodular hemosiderosis was 
made. Thoracotomy was requested but the 
thoracic surgeons felt that his condition would 
not permit it. He died relatively acutely with- 
out external hemorrhage shortly thereafter. 


At necropsy a large carcinoma invading and 
lining the bullae (Fig. 4,7) in the right upper 
lobe was found. Multiple other bullae contained 
old blood and clot. Pulmonary edema, fresh 
hemorrhage and suppuration obscured much of 
the detail, but the clinical suspicion that the 
diffuse nodular pulmonary disease was pulmon- 
ary hemosiderosis was confirmed (Fig. 4B). The 
foci were largely peribronchial in distribution 
and the surrounding alveolar walls showed little 
reaction. Bronchi often contained hemosiderin- 
laden macrophages. 


566 


Comment. Cases 1 and n were noted 
clinically to be dyspneic and anemic out of 
proportion to the apparent degree of blood 
loss via external hemoptysis. This observa- 
tion is worthy of note because similar find- 
ings are described as typical of idiopathic 
pulmonary hemosiderosis.^71735 A hemo- 
lytic component has not been demonstrated 
in these patients, and it is assumed that the 
loss of blood into the lung which is then 
"cleared" by it and by swallowing is 
more extreme than is clinically appreci- 
ated.5 8 


CASE III. A 41 year old white male was seen 
at the Ann Arbor Veterans Administration 
Hospital for hemoptysis. Two months prior to 
admission he developed a progressive cough 
with extremely bloody sputum. His right upper 
lobe had been resected for a coccidioidal cavity 
9 years previously at which time the left lung 
appeared roentgenographically normal. Phys- 
ical examination showed bilateral wheezing but 
no other abnormalities. The coccidioidin skin 
test was positive; all other tests including 
complement fixation for the deep fungi were 
negative. The roentgenogram of his chest was 
striking (Fig. 54). A number of large peculiar 
spaces involved the left upper lobe area and 
contained air-fluid levels. Bullae, coccidioidal 
cavities, empyema spaces or loculated pneumo- 
thorax spaces, possibly filled with blood, were 
considered. No mass was seen but cytologic 
examination of multiple specimens of sputum 
was positive for malignant cells. Bronchoscopy 
did not reveal an intrinsic mass. 

Progressive nodular disease involving the 
left upper lobe was demonstrated on subsequent 
roentgenograms and interpreted as nodular 
pulmonary hemosiderosis (Fig. 5, B and C) on 
the basis of the experience with the previous 2 
cases. He expectorated approximately 250 ml. 
of dark bloody sputum daily, and his hemoglo- 
bin was maintained between 6-9 gm./100 ml. 
by transfusions. Surprisingly, he never ap- 
peared particularly dyspneic. In the 2 weeks 
prior to thoracotomy, the hemoptysis dimin- 
ished and the nodularities cleared somewhat. 
Pneumonectomy was out of the question be- 
cause of the previous contralateral lobectomy, 
and laminagrams suggested that the posterior 
inferior air space was attached to the lower 
lobe. Thoracotomy was recommended for a 
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palliative attempt to prevent exsanguination 
in the hope that all the pathology involved the 
upper lobe. The operation revealed that this 
situation obtained. An extrapleural dissection 
and lobectomy were performed, although the 
spaces were entered during the procedure. A 
necrotic £X $ cm. tumor mass had invaded the 
bullae and probably perforated into the pleural 
space as well. Microscopic study demonstrated 
necrotic and hemorrhagic clots containing large 
undifferentiated tumor cells in the spaces. No 
coccidioidal organisms could be found. The 
anterior portions of the lobe were discolored but 
not nodular. Nevertheless, the nodular pattern 
visualized roentgenographically represented 
pulmonary hemosiderosis. The foci were both 
microscopic, involving only a few alveoli, and 
were confluent in a peribronchial-perivascular 
distribution (Fig. 6/7). In some areas pulmo- 
nary reaction was negligible, but in others local 
interstitial fibrosis within the nodules was 
present (Fig. 6B). Some nodules contained 
organizing alveolar exudate (Fig. 6C). Clumps 
of macrophages were seen in scattered bronchi. 
The hilar lymph nodes contained varying 
amounts of hemosiderin pigment. This was also 
true in Cases 1 and I1. 

Signs of cerebral metastases supervened and 
the patient expired 1 month postoperatively 
without additional hemoptysis. The remaining 
lower lobes showed minor hemosiderosis foci at 
necropsy. 


DISCUSSION 


The fate of blood aspirated into the 
pulmonary parenchyma is obviously ger- 
mane to this discussion. Scattered nodular 
pulmonary foci, some evanescent and some 
persistent, are often noted following he- 
moptysis in tuberculous patients, and have 
been considered a reaction to aspirated 
blood. Austrian and Willis working with 
rabbits, demonstrated that these nodules 
are reactions to tubercle bacilli or allergic 
reactions to tuberculin? and that the pres- 
ence of blood itself is immaterial. Hastings- 
James,!° however, demonstrated that blood 
alone could be responsible for transient 
mottled densities following hemoptysis. 
Strassman,? also working with rabbits, 
indicated that the alveolar lining cells 
hypertrophy, proliferate and desquamate 
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following contact with the animal’s own 
injected blood, but that hemosiderin and 
foci of hemosiderosis do not develop unless 
pulmonary edema is also present, in which 
case movement of blood out of the alveoli 
is delayed. If subsequently re-challenged 
with intratracheal blood, the alveolar lining 
cells may be promptly reactivated and 
mobilized as long as 2 weeks after their 
original experience with the intra-alveolar 
blood. It is of interest that Soergel and 
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Fic. 5. Case mr. (4) Roentgenogram on ad- 
mission. Multiple fluid levels in left hemi- 
thorax. Old right thoracotomy. (B) Pro- 
gressive nodularity in lingula. (C) Close-up 
of lingula. 


Sommers" describe similar histologic 


changes in the alveolar lining cells as one of 
the basic lesions in idiopathic pulmonary 
hemosiderosis, present during remissions 
and unrelated to a reaction to hemorrhage. 

In idiopathic hemosiderosis, congenital 
weakness of the elastic tissue of the lung 
capillaries,’ the development of autoanti- 
bodies with the alveoli the shock organ,'* 
defective pulmonary vasomotor control," 
congenital abnormality of alveolar epithe- 
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Fic. 6. Case ur. (4) Specimen shows peri- 
vascular-peribronchial distribution of nod- 
ular foci (X4). (B) Nodule of pulmonary 
hemosiderosis, interstitial thickening and 
fibrosis (X16). (C) Pulmonary hemosidero- 
sis. Organizing fibrinous alveolar exudate 
(X16). 
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lial growth and function and recently 
sensitivity to antigens in cow’s milk!! have 
been suggested as basic causes for the syn- 
drome. The degree of pallor, dyspnea and 
anemia in these patients is striking, and 
suggests that great quantities of blood are 
being lost into the lungs, some subsequently 
raised and swallowed, but much cleared by 
the phagocytes through the lymphatics." 
If pulmonary bleeding is extreme, the 
mechanism for clearing may be overtaxed? 
and the hemosidering-containing phago- 
cytes may be deposited locally in nodular 
aggregates which become more or less per- 
manent, depending in part upon persistence 
of hemorrhage. Local interstitial fibrosis 
may eventually supervene.!® 

Strassman's!? work and the clinical ob- 
servation that nodular foci of hemosiderosis 
occurred onlv in the idiopathic form in 
children and were associated with mitral 
stenosis or left ventricular failure in adults 
led many authors to postulate that diffuse 
distal pulmonary bleeding!’ with congeni- 
tal’ or acquired vascular deformity," pul- 
monary edema, or lymphatic or venous 
obstruction was responsible for the hemo- 
siderosis when it did occur; peculiarly 
favorable conditions were necessary.’ Ma- 
garey,? however, working with rats, dem- 
onstrated that distinct aggregates of phago- 
cytes containing hemosiderin developed 
and persisted as long as 2 weeks after one 
endotracheal injection of blood, and, if 
multiple injections were given, the longer 
they were continued the more numerous 
and distinct did the aggregations become. 
Focal hemorrhage was not required to 
produce hemosiderosis nearby. The theo- 
retic basis for aspirational nodular hemo- 
siderosis in humans with apparently normal 
lungs reacting to their own blood was thus 


established although the condition re- 
mained undescribed. 
Cameron! presented 2 cases in which 


hemosiderin-bearing phagocytes were dif- 
fusely present at necropsy, I in a young 
man with bronchiectasis and the other in a 
patient with pneumoconiosis, emphysema 
and cor pulmonale. In neither was hemop- 
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tysis prominent nor did the hemosiderosis 
occur in roentgenographically visible or 
histologic nodules. Edge and Waind* de- 
scribed a young woman with bronchiectasis 
and recurrent hemoptysis in whom progres- 
sive finely nodular hemosiderosis, similar to 
that in the patients presented in this paper, 
developed. They ascribed the pulmonary 
changes to diffuse capillary bleeding rather 
than to aspiration from a few bronchiectat- 
ic foci because of a generalized bleeding 
tendency. 

In a review of a number of our previous 
patients with marked recurrent pulmonary 
hemorrhage, scattered microscopic foci 
were not unusual, but large nodules were 
not seen. In fact, many noncardiac pa- 
tients, especially those with bronchogenic 
carcinoma, who had not had clinical he- 
moptysis demonstrated similar foci at 
necropsy or pulmonary resection. Similar 
observations have been made in pulmonary 
hemosiderosis with and without nephri- 
tis,?^?? One speculates, then, as to why the 
individuals presented herein did develop 
this unusual change. 

In preparing this paper the author origi- 
nallv selected the title “Bullae, Carcinoma 
and Hemosiderosis—A Syndrome?” imply- 
ing that the blood collecting in the bullae 
underwent some obscure chemical change 
which was responsible for the pulmonary 
reaction. Magarey’s work,? however, sug- 
gests that the bullae are not essential. The 
similarity of symptoms of dyspnea and 
anemia disproportionate to visible external 
blood loss of the first 2 cases to patients 
with idiopathic pulmonary hemosiderosis 
has been alluded to earlier. It is thus prob- 
able that they were losing tremendous 
quantities of blood into their lungs, and, 
because of the evidence in Magarey’s work" 
that the severity of the pulmonary reaction 
increases with the amount of bleeding, it is 
the author’s speculation that the degree of 
intrapulmonary hemorrhage was too great 
to allow the usual clearing mechanisms to 
dispose of it all,? with resultant nodular 
deposition, organization and some fibrosis. 
As the iron pigment is relatively inert and 


$9 


the degree of observed fibrosis variable, 
gradual resolution of the foci could occur, 
as It appeared to in Cases 1 and 111. Further 
work with experimental subjects other than 
the rat and the rabbit appears indicated. 

The clinical implications in patients of 
this type are clear. If carcinoma Is present, 
spreading nodular disease may not be due 
to metastases, as was considered in our 
Cases 1 and 11; treatment predicated upon 
spread should be avoided. In addition, 
spreading nodular disease and anemia with 
hemosiderin-laden macrophages in the spu- 
tum does not necessarily indicate idiopathic 
pulmonary hemosiderosis. 


SUMMARY 


Three patients who had the unusual 
combination of carcinoma, bullae, hemop- 
tvsis and subsequent nodular aspirational 
pulmonary hemosiderosis are presented. It 
is not known whether this combination 
represents a syndrome or a fortuitous asso- 
ciation, as similar changes have been re- 
ported in at least 1 patient with bronchiec- 
tasis and bleeding. The mechanism may 
relate to the degree and persistence of 
bleeding. 


Veterans Administration Hospital 
2215 Fuller Road 
Ann Arbor, Michigan 
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PULMONARY ALVEOLAR PROTEINOSIS 
A ROENTGENOLOGIC ANALYSIS 


By JOSE RAMIREZ-R., M.D.* 


BALTIMORE, MARYLAND 


pour alveolar proteinosis was 
first described in 1948 on the basis of 
clinical, biopsy and autopsy material from 
27 subjects.” Since that time, more than zo 
additional cases have been reported and a 
variety of roentgen patterns have emerged. 
The roentgen patterns in alveolar proteno- 
sis are not pathognomonic. The roentgeno- 
gram, nevertheless, becomes distinctive 
when related to the clinical and pathologic 
features of this disorder. The object of this 
paper is to analyze these features from a 
roentgenologic viewpoint. This brief analy- 
sis 1s based on observations reported by 
others and on the personal study of 6 cases. 


CLINICAL FEATURES 


Patients with alveolar proteinosis may 
show extensive and persistent roentgeno- 
graphic abnormalities for many months in 
the absence of respiratory complaints.” 
Alternatively, within a few weeks, the infil- 
trates may progress or disappear. The 
roentgenographic findings correlate quite 
poorly with the severity of the respiratory 
impairment, or with the presence or absence 
of respiratory symptoms. Coarse rales may 
be noted over the affected areas; but phys- 
ical findings are frequently absent, even 
though the infiltrates may be bilateral and 
extensive. Thus, the most helpful and only 
essential diagnostic finding is the abnor- 
mal chest roentgenogram. 

Pulmonary alveolar proteinosis does not 
exhibit a characteristic clinical pattern. 
Repeated episodes of “pneumonia” and 
progressive dvspnea?^?7 are common com- 
plaints. A persistent elevation of the serum 
lactic acid dehvdrogenase mav be present 
in some cases.” Until recently, a definitive 


diagnosis was established only by pulmo- 
nary biopsv; but a diagnosis may also be 
established by proper identification of the 
alveolar material in histologic sections of 
the sputum.^!^?»? Following pulmonary 
Hooding with saline, this material has been 
identified repeatedly in 5 cases previously 
proven to have this disease bv pulmonarv 
biopsv. 

Patients with extensive involvement mav 
die of cardiorespiratory failure or as a 
result of infections bv bacteria or by fungi. 
Death by cardiorespiratory failure or by 
infection appears to be a sequel to pro- 
gressive or persistent broncho-alveolar sta- 
sis. However, sudden hydrolysis of broncho- 
alveolar material, either spontaneously or 
in association with aerosol therapy,® may 
also be lite threatening. 

The physiologic abnormality is charac- 
terized mainly by a marked impairment of 
oxygen transfer and by an increase in 
venous admixture which results in marked 
anoxemia.!?! Normally, less than 6 per 
cent of the cardiac output reaches the 
arteries without oxygenation; in alveolar 
proteinosis as much as 45 per cent of the 
cardiac output may fail to become oxygen- 
ated.?' This extraordinary shunt results for 
the most part from perfusion of poorly 
ventilated and occluded alveoli and may 
not be correctable bv 100 per cent oxvgen.!? 
In subjects with long-standing anoxemia, 
secondary polycythemia frequently de- 

elops; pulmonary hypertension and right 
ventricular failure are rare complications 
and appear late in the clinical course.” It is 
of interest that pulmonary hypertension 
may disappear with relief of the hypoxia." 

An increase in the incidence of secondary 
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Fig. 1. Photomicrograph showing alveoli variously 
filled by proteinaceous material. The delicate 
structure of the interalveolar septa is preserved 
(PAS stain X 72). 


infections is. well documented and may 
complicate the roentgenographic diagnosis 
of alveolar proteinosis. Bacterial pneumo- 
nias are frequently noted.! ?:?7?* [n addition, 
the development of bacterial cerebral ab- 
scesses,"22 a complication arising from 
chronic broncho-alveolar stasis, may sug- 
gest a different disease process. The chronic 
infiltrates and the changing roentgeno- 
graphic pattern or the onset of hemopty- 
sisht? frequently raise the suspicion of 
pulmonary tuberculosis. Since atypical 
mycobacteria may be recovered from the 
sputa of subjects with this disease, the 
presence of acid-fast bacilli in smears of the 
sputum may further support this erroneous 
suspicion. A Battey type mycobacterium 
has been isolated from a case currently 
under observation. The isolation of a scoto- 
chromogenic acid-fast bacillus from the 
gastric washings and sputum of another 
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case has also been reported.^ Although 
these organisms are potentially pathogenic, 
their significance in these 2 cases 1s ques- 
tionable. In the first case, at least, the 
roentgenogram cleared spontaneouslv 2 
years after the recovery of the organism 
and there has been no further evidence of 
pulmonary mvcobacteriosis. 

Secondary infections with opportunistic 
fungi are particularlv common and may be 
confusing even histologically.? Cryprococ- 
cus? Norcardia,* and Zspergillus? 1 
are frequent secondary invaders. Cerebral 
infarcts due to plugging of vessels by a 
Phycomycete (mucormycosis) have also 
been described. The association of alveolar 
proteinosis with unusual myeloprolifera- 
tive svndromes may add to the diagnostic 
confusion. Hematologic disorders have 
been observed in § cases dying of fungal 
intections. 

Although aerosols have proved generally 
unrewarding in the treatment of alveolar 
proteinosis, some isolated successes have 
been recorded using streptokinase-strepto- 
dornase? and trypsin.’ Flooding of pul- 
monary segments with heparin in saline 
shows greater promise.? Complete clearing 
of the chest roentgenogram has been ob- 
served in 2 cases treated in this manner!??! 
and roentgenographic improvement has 
been noted in 2 other cases which are under 
treatment at present. 

PATHOLOGIC OBSERVATIONS 

Although the disease may be quite ex- 
tensive, the alterations in the structure of 
the pulmonary parenchyma are not strik- 
ing. Initially, the alveoli are passively 
occupied and distended by an opalescent 
fluid which is rich in lipid and contains 
variable amounts of cellular debris (Fig. 1). 
This viscous fluid may remain in the indi- 
vidual air sacs for extensive periods without 
producing an inflammatory response, with- 
out organizing and without interfering with 
capillary blood flow. 

The source of the intra-alveolar material 
is a subject of conjecture. The authors first 
describing the disorder envisioned its 
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origin in the degeneration of alveolar lining 
cells.! It seems quite likely, however, that a 
disturbance of local surface-active sub- 
stances in the alveolus leading to capillary 
transudation or hemorrhage accounts for at 
least part of this material. Clinical and 
physiologic evidence indicates that follow- 
ing alveolar evacuation a complete return 
to normal function may occur with time.!!-2! 

Two mechanisms appear to be operative 
in the clearing of the alveolar material — 
expectoration and phagocytosis. Small 
amounts of alveolar material have been 
demonstrated in the sputum of some pa- 
tients with this disease,^!*?? but it has been 
absent in others. We have observed it 
only rarely in samples of sputum produced 
spontaneously. However, the material has 
been identified with regularity in the bron- 
chial excretions following pulmonary flood- 
ing. Pulmonary biopsies in 2 patients fol- 
lowing pulmonary flooding support the 
concept that phagocytosis is the more im- 
portant mechanism of clearing.!*?! In these 
2 patients, a phagocytic response was ob- 
served during the clearing phase; inter- 
alveolar septa were thickened by edema 
and infiltrated by phagocytic mononuclear 
cells. The importance of this mechanism of 
clearing is also suggested by cases in whom 
rapid improvement of the chest roentgeno- 
grams occurred in the absence of fever or a 
productive cough. 


ROENTGEN FINDINGS 


The chest roentgenograms of the early 
cases of alveolar proteinosis were remark- 
ably similar. Fine mottled densities were 
seen distributed radially from the hili, giv- 
ing the appearance of pulmonary edema. 
Neither changes in cardiac contour nor 
pleural effusions were observed in spite of 
extensive pulmonary involvement. Unlike 
some interstitial diseases, such as sarcoido- 
sis, no hilar lymphadenopathy was present.! 

Further observations have shown these 
generalities to be true. It is apparent, how- 
ever, that the central distribution of these 
lesions is only of limited diagnostic value. 
On the other hand, it is clear that the 
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mottled or granular densities, some creating 
a rosette appearance, give the lesion its 
most diagnostic characterization —that of 
an aggregate of alveolar-occupying densi- 
ties (Fig. 2, Æ and B). 

The lesion begins most commonly as a 
diffuse pulmonary process. It is frequently 
observed bilaterally and in the areas of 
greatest radiodensity; but, patchy infiltra- 
tions may occur in any lobe and infiltrates 
may appear in one lobe at a time when they 
are disappearing from another. In addition, 
à variety of patterns is created by differ- 
ences in the clearing rate of pulmonary 
subsegments. Thus, peripheral clearing may 
leave large aggregates of paramediastinal 
infiltrates (Fig. 3). Conversely, central 
clearing, although less common, may leave 
Impressive peripheral lesions (Fig. 4). The 
"butterfly" pattern may be truncated by 
rapid unilateral clearing (Fig. 5, Æ and B). 


Transbronchial spread may be suggested bv 


the unilateral clearing of a lower lung field 
(Fig. 6, 7 and B). 

Greater attention must be placed, there- 
fore, on the patterns created in the lung bv 
the filling of pulmonary acini and by the 
development of hv perinflated or atelectatic 
areas. The mottled infiltrates and lobulated 
rosettes in alveolar proteinosis stand in 
sharp contrast with the reticular pattern 
observed in interstitial diseases.’ Although 
confluent lesions do occur, the roentgeno- 
graphic illusion of confluence is more fre- 
quently created by the juxtaposition of 
filled acini at various depths of the lung 
parenchyma in the posteroanterior chest 
roentgenogram. Local alteration of this 
acinar pattern occurs, nevertheless, par- 
ticularly during the clearing phase. With 
hvdrolysis of the alveolar material, a reticu- 
lar appearance is frequently produced by 
thickening of the interalveolar septa; Ker- 
lev’s B lines may be also observed due to 
thickening of the interlobular connective 
tissue septa. 

Beside recognition of the acinar pattern, 
the observation of hyperinflated and atelec- 
tatic areas is helpful in diagnosis (Fig. 52). 
Areas of hyperinflation and atelectasis 
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lic. 2. Case 1. (4) Chest roentgenogram showing diffuse pulmonary involvement. Patient asymptomatic at 
rest. (B) Detail of right upper lobe showing characteristic mottled densities and the absence of an inter- 


stitial component. 


arise through the partial or complete block- 
age of secondary bronchioles by bronchio- 
litis and by the markedly viscous secre- 
tions. On the other hand, pneumatoceles 
may be confused with cavitary lesions 
when these develop within heavily involved 
pulmonary segments. Case 2, reported by 


Lull eż al.’ is probably an example of such 
an instance. Ín that particular patient 
"antituberculous drugs were continued 
even though no acid-fast organisms were 
ever found, and in spite of the fact that the 
histopathologic picture did not resemble a 
tuberculous process." 

It is apparent from these observations 





Fic. 5. Case 2. Chest roentgenogram showing large 
aggregates of parenchymal densities paramedi- 
astinally. Note hyperlucency of the left upper lung 
held. 


ic. 4. Case 1. Chest roentgenogram taken 5 months 
before Figure 2, Æ and B showing paramediastinal 
and peripheral infiltrates. The mid-portions of the 
lung are relatively clear. 
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ic. §. Case 3. (4) Chest roentgenogram of patient seen with unrelated complaint. (B) 
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Roentgenogram 


made 1 month later shows partial clearing of middle lobe infiltrates. Linear densities of plate-like atelec- 


tasis are noted in the area of clearing. 


that there is no roentgenographic pattern 


characteristic of alveolar proteinosis. The 
varied roentgen findings become under- 


standable, nevertheless, in the light of its 
clinical and pathologic features. 
COMMENT 


An analysis of the differential diagnosis 
of disseminated lung disease is bevond the 


scope of this essay. More than tr £o possibili- 
ties have been tabulated in an excellent 
review on this subject.? The diagnostic 
possibilities are sharply narrowed when the 
differential diagnosis is limited to diseases 
involving the broncho-alveolar tract.?" Di- 
agnostic accuracy is increased bv a thor- 
ough knowledge of the symptoms, labora- 


tory findings, and the clinical. course of 





Fig, 6, Case 4. 
omatic. (B) Pattern simulating transbronchial spread remains following pulmonary flooding of the righ 
tomatic. (B a lating t bronchial l foll g pul ry flooding of the right 
lung. 


) Chest roentgenogram showing bilateral confluent »ulmonary infiltrates. Patient asymp- 
g 


576 


diseases with similar roentgen findings. 

The similarity of Pneumocystis Carinti 
pneumonia to alveolar proteinosis deserves 
to be mentioned especially. This dis- 
order, although more prevalent in infancy, 
is recognized with increasing frequency in 
adults.% As is the case with alveolar pro- 
teinosis, the identification of typical alveo- 
lar material in the bronchial excretions may 
provide a diagnosis short of a pulmonary 
biopsy.? 


SUMMARY 


Multiple roentgen patterns observed in 
cases of pulmonary alveolar proteinosis are 
discussed. The recognition of subsegmental 
patterns is emphasized. The roentgenogram 
in this disorder is analyzed in the context of 
current clinicopathologic observations. 


Veterans Administration Hospital 
3900 Loch Raven Boulevard 
Baltimore 18, Maryland 
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SOME OBSERVATIONS ON TRANSCRICOTHYROID 
BRONCHOGRAPHY* 


By SAMUEL D. HEMLEY, M.D., and VIRGINIA KANICK, M.D. 


NEW YORK, NEW YORK 


ERCUTANEOUS transcricoid needle 

puncture has proven to be an effective 
method for bronchography. In the past 20 
months since publication of our initial ex- 
perience with transcricothyroid bronchog- 
raphy,” we have performed an additional 
III studies bringing the total to 196 cases. 


METHOD 


There have been only minor modifica- 
tions of the original method. Premedication 
has, in general, been limited to scopola- 
mine, 1/250 grain, with the exclusion of 
morphine or demerol. These latter two 
drugs are often responsible for nausea or 
syncope in the ambulatory patient. 

The previous meal is withheld as a pre- 
caution against aspiration. The patient is 
placed supine on the fluoroscopy table with 
the head and neck in hyperextension. This 
is facilitated by placing a sandbag under 
the shoulders. 

The cricothyroid area can be easily iden- 
tified by palpation as the depression be- 
tween the anterior prominence of the thy- 
roid cartilage and the anterior part of the 
cricoid cartilage. 

After local skin anesthesia is achieved 
with aqueous xylocaine hydrochloride, 1 
per cent, a 16 gauge beveled needle is in- 
serted through the cricothyroid membrane 
into the trachea. Rapid and sustained anes- 
thesia is ensured by the introduction of 3 to 
5 cc. of the xylocaine solution into the tra- 
chea through the needle.” The patient is 
then tilted into a semi-upright position. 
After a few seconds the position 1s altered 
to the Trendelenburg position. This per- 
mits anesthesia not only of the trachea and 
bronchi, but also the valleculae, pvriform 
sinuses, and pharvnx. As a result, there is a 


complete inhibition of the gag reflex. The 
necessary skill for the needle puncture 1s 
easilv acquired. 

We have explored the possibility of em- 
ploving a fine polyethylene catheter 
threaded through the needle. This has been 
used on occasion for selective opacification 
of a specific bronchus (Fig. 1 and 2, Case 1). 
As we have had no difficultv in filling spe- 
cific lobes, including the upper lobes, we 
have found this an unnecessary addition in 
routine cases. With the needle technique, 
injection of hvtrast or dionosil oilv is easilv 
accomplished; however, the viscositv of 
these contrast media is such that instilla- 
tion into a fine polvethvlene catheter is 
difficult and unsatisfactory. 

Both lungs should routinely be examined 
unless one lung is markedly diseased. If 
only one functioning lung is present, great 
care should be undertaken, as bronchogra- 
phv temporarily reduces lung capacity bv 
interfering with alveolar aeration and intra- 
pulmonary gas exchange." * A post drainage 
roentgenogram, 12 or 24 hours later, may 
often be of value in demonstrating small 
areas of bronchiectasis. 

RESULTS 

In the last 111 cases there were complica- 
tions in 2 patients. Both patients had extra v- 
asation of contrast material into the cervi- 
cal soft tissues. This was discovered on 
examination of the roentgenograms during 
or following the procedure. 

One of these patients had no complaints. 
Initial roentgenograms demonstrated a 
small amount of air and contrast material 
in the cervical soft tissues. Follow-up roent- 
genograms in 2 weeks showed complete 
disappearance of both air and opaque me- 
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dium (Fig. 3 and 4, Case 11). The other 
patient had a more extensive extravasation 
and developed hoarseness and fever which 
persisted for 2 days. 

Zucherman and Jacobson® discussed 7 
patients with extravasation of contrast 
material outside the trachea, all of whom 
survived. They failed to indicate the total 
number of patients in their series so that 
the exact incidence of this complication 
could not be evaluated. 

Bronchoscopy was performed on many of 
the patients a day or two prior to the bron- 
chographic studies. Careful examination 
indicated the presence of a mild transient 
hoarseness secondary to the bronchoscopy. 
It is well to make note of any such finding 
prior to initiation of the bronchographic 
examination so that it is not misinterpreted 
as being related to the needle puncture. 

Our youngest patient was 15 years of age 
and the oldest 76. There were no cases that 





Fic. 2. Case 1. Transcricoid bronchogram with inser- 


were not amenable tO needle puncture of tion of catheter through needle to orifice of right 
the cricothvroid membrane. upper lobe (arrow) showing complete filling fof 


segmental right upper lobe bronchi. 





ic. 3. Case rr. Extravasation of contrast material 





into cervical soft tissue. Note the presence of air 
^ x rr . . " . : ES NA - v. : y: . . OP 

F1G. 1. Case r. Transcricoid right lung bronchogram anterior to cervical vertebrae. Patient was asymp- 
shows incomplete filling of the right upper lobe. tomatic. 
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Fic. 5. Case in. Bronchocutaneous fistula. Note 
FIG. 4. Case ir. Disappearance of contrast material needle in cricothyroid space. Arrows indicate path 
and air after an interval of 2 weeks. of fistula. Passage of contrast material was iden- 

tified under image intensification. 





liG. 6. Case 1v. Transcricoid bronchogram demon- 
strating an ectopic right bronchus. (Courtesy of 
Drs. Albert A. Dunn and Edward J. Arida, 
Roosevelt Hospital, New York, N. Y.) Fic. 7. Case v. Post right thoracoplasty. Cystic and 
saccular bronchiectasis in collapsed portion of 

right lung. Note suture needle in right upper lung 

held, posteriorly. (Surgery performed at another 

hospital several years prior to this examination.) 
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Fic. 8. Case v. Lateral view. 
lic. 9g. Case vi. Post tuberculous contraction of 
right upper lobe with relocation of right middle 

lobe. 





lic. 11. Case vit. Routine posteroanterior chest 
roentgenogram. Calcifed lymph nodes in right 
Fic. 10, Case vi. Left anterior oblique view. paratracheal area, 
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Fic. 12. Case vu. Posteroanterior bronchogram 
demonstrating block of right upper lobe bronchus. 
All other segments well opacified bilaterally. 



















DISCUSSION 


Although any pathologic process that 
affects the lungs can be studied by means of 
transcricoid bronchography, we have found 
it exceptionally well suited for severely ill, 
debilitated or uncooperative patients. Fig- 
ure 5 (Case 111) demonstrates a broncho- 
cutaneous fistula in a cachetic patient. This 
study was accomplished in 5 minutes. 

When the transcricoid method is used, 
there is no catheter in the trachea; there- 
fore, contrast material outlines the entire 
trachea and bronchial tree. Figure 6 (Case 


Fic. 13. Case vir. (4 and B) Spot roentgenograms of obstructed right upper lobe bronchus. 
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IV) demonstrates an ectopic right bronchus 
which might have been overlooked in selec- 
tive catheter bronchography. Anomalies of 
this type are important to isolate prior to 
bronchoscopy and surgical exploration.’ On 
rare occasions such anomalies may be the 
site of neoplastic involvement. 

The majority of our patients have been 
investigated for chronic bronchitis and/or 
bronchiectasis, cystic disease, emphysema, 
and inflammatory processes (Fig. 7 and 8, 
Case v; and 9 and 10, Case vi). Our experi- 
ence with carcinoma of the lung is limited 
to those cases in which a definitive diagno- 
sis could not be made after conventional 
roentgen and laboratory studies. Figures 
II, 12 and 13, 4 and B (Case vu) demon- 
strate a right upper lobe carcinoma which 
was not visualized on bronchoscopy and 
routine chest roentgenography. The only 
complaint prior to hospitalization was 
hemoptysis which occurred on one occasion. 

As cough is not observed during the 
procedure, alveolization, if present, is a 
characteristic of the contrast material em- 
ployed. Anesthesia is so complete that the 
medium will appear in the esophagus. This 
does not impair roentgen diagnosis. 


CONCLUSIONS 


Transcricoid bronchography has been 
performed in a total of 196 patients. It is a 
procedure which can be learned easily and 
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requires extremely little local anesthesia. 
Complications are minimal and no diffi- 
culty is encountered in opacifying segmen- 
tal areas of the bronchial tree. In essence, it 
Is a safe, effective, rapid and simple proce- 
dure to perform. 


Samuel D. Hemley, M.D. 
Department of Radiology 

St. Luke's Hospital 

Amsterdam Avenue and 113th Street 
New York 25, New York 
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THOROTRAST GRANULOMAS 


By WILLIAM J. BARRY, M.D.,* and C. JULES ROMINGER, M.D.f 


PHILADELPHIA, PENNSYLVANIA 


HOROTRAST has received much at- 

tention since 1948 when MacMahon 
et al.‘ reported the first death due to its use. 
Their patient developed an endothelial cell 
carcinoma of the liver 12 years after the 
intravascular use of thorotrast. Since that 
time, there have been over 60 cases of neo- 
plasms attributed to its use. The latent 
period varies from 10 to 30 years and one 
would suspect that due to this long inter- 
val many more cases will be seen in the fu- 
ture. 

With the local deposition of thorotrast, 
e.g., 1n. paranasal sinuses, breast or inad- 
vertent local tissue infiltration, the occur- 
rence of a granuloma is alleged to be more 
common than tumor formation. However, 
relatively few cases of granuloma have been 
reported in the literature.!:?-6.16,20,21,22,28,28 
Our interest in this subject was stimulated 
when 2 such cases were recently seen at our 
institution. One of the cases is unusual in 
that a thorotrast granuloma developed 1n a 
period of 3 years, the shortest interval re- 
corded in the literature. 


PHYSICAL DATA 


Thorotrast is a colloidal solution contain- 
ing 25 per cent thorium dioxide, 30 per 
cent dextran and a small amount of preser- 
vative (o.15 per cent methyl-p-hydroxy- 
benzoate). Thorium has a half life of 1.4 
X10!? years. Ninety per cent of thorium 
emanation is alpha radiation, 9 per cent 
beta and I per cent gamma. Thorium has a 
complex decay scheme which includes such 
elements as radium and radon, and it de- 
cays by the emission of a variety of radia- 
tions from its daughter products to lead. 
The alpha particles resulting from this de- 
cay scheme have energies from 4.2 to 8.95 
mev. The beta particles resulting from the 
decay have energies of 0.053 to 2.2 mev. 


The gamma rays have energies from 0.08 
to 2.62 mev. 

The alpha radiation from 25 cc. of tho- 
rium is equivalent to a maximum of I ug. 
and a minimum of o.5 ug. of radium. The 
beta radiation from the thorium is consid- 
ered too feeble to be of any physiologic sig- 
nificance. The gamma radiation from 25 cc. 
of thorium 1s equivalent to approximately 
0.3 ug. of radium and is not considered to 
be of any physiologic significance. 

Thorium was introduced into radiology 
in 1929 by Radt!® and since that time has 
been employed for many procedures. Its 
chief uses have been for angiography and 
hepatolienography. It was also used for 
mammography, salpingography, retro- 
grade pyelography and for the injection of 
paranasal sinuses, fistulous tracts and lac- 
rimal ducts. 

The amount of thorotrast used for hepa- 
tolienography is 75 cc. and that for carotid 
arteriography is 15 cc. This is equivalent 
to 1§ and 3 gm. of thorium, respectively. 
Looney? and Rundo” estimate the alpha 
particle emission from this equivalent to 
correspond to that of 2-4 ug. of radium. 
Thorotrast is taken up by the reticuloendo- 
thelial system; 7o per cent going to the 
liver, 15 per cent to the spleen and 10 per 
cent to the bone marrow. It is estimated by 
various authors that the dose to the liver 
over a Io to 20 year period would be from 
1,000 to 2,000 rads. 

Thorium X, used in dermatology for 
treating various skin disorders, is dis- 
pensed as a chloride in propyl alcohol solu- 
tion with a concentration of 300 uc/ml. 


REVIEW OF LITERATURE 


The carcinogenic potential of thorotrast 
was pointed out in 1932 by Stewart et al.” 
In a review article in 1961, Dahlgren® 
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states that the tumors due to thorotrast are 
of 3 types. These are, in the order of increas- 
ing frequency: (1) those seen at the site of 
injection; (2) those seen due to the injection 
of a hollow organ; sinus, etc.; and (3) those 
seen due to the deposition in the reticulo- 
endothelial system. 

The majority of neoplasms according to 
most review articles (Looney,? Thomas,” 
and Dahlgren’) are in the liver. This seems 
logical because this organ receives most of 
the systemically injected dose. 

It is of interest that many of the liver 
neoplasms are mesothelial in origin and 
resemble experimental tumors produced 1n 
animals. As early as 1934, Roussy et al.” 
reported that sarcomas could be produced 
in animals by the intraperitoneal injection 
of thorium. Selbir™ produced similar tu- 
mors in1936 and presumed that thevigorous 
local inflammatory effect of the thorium 
played a role in its carcinogenesis. He 
thought that this might intensify the effect 
of the ionizing radiation. Johansen" feels 
that since thorotrast does not cause much 
inflammatory effect on the liver, the de- 
velopment of cancer is due to the ionizing 
radiation. He used intravenous thorium in 
rats and was able to produce a disseminated 
metastatic reticuloendothelial sarcoma in 
the spleen, liver and lungs in 5o per cent of 
the animals that did not die of intercurrent 
disease. He points out that these tumors 
are similar to those seen 1n man. Guima- 
raes ef al. also produced similar tumors in 
mice. 

Thorotrast causes granulomas with local 
injection or extravasation. Relatively few 
cases of tumor formation at the site of injec- 
tion are reported. Dahlgren® in his review 
reports a fibroblastosarcoma found 6 years 
following cerebral angiography. Courte- 
manche* reports a basal cell carcinoma of 
the skin occurring 9 years after the treat- 
ment of a port wine stain with thorium X. 

Blomberg et a/.? from the Karolinska In- 
stitute report 2 cases of malignant tumor 
following the extravascular deposit of 
thorotrast. They studied 908 patients who 
had cerebral angiographies many years 
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previously. Of this number, in 23 cases 
there was extravascular injection of the 
thorotrast and 2 malignant tumors. de- 
veloped 19 and 25 years later. Seven of their 
patients developed granulomas after latent 
periods, varying from 10 to 20 years, follow- 
ing the extravasation of thorotrast. They 
also reported 3 cases of necrosis of the 
pharynx. 

- Brady et al. reported a case of granuloma 
developing 11 years after carotid arteri- 
ography. Their patient had much local dam- 
age. The vagus, hypoglossal and cervical 
sympathetics were damaged and there was 
sclerosis of the carotid and jugular vessels 
on the side of the injection. Novik!? re- 
ported 4 cases of granulomas following 
carotid angiography. These occurred from 
17 to 23 years following the injection. The 
patients all had destruction of several 
cranial nerves and widespread damages at 
the site of injection. 


REPORT OF CASES 


Case 1. A.W., a 73 year old white woman, 
was admitted to Misericordia Hospital for the 
first time on December 11, 1960, with a mass in 
the right neck. In January, 1958 she had diffi- 
culty with vision of the right eye and skull 
roentgenograms revealed the sella turcica to be 
enlarged. In January, 1958 a right carotid arteri- 
ography was performed using thorotrast and 
some of the contrast agent extravasated. Co- 
balt 6o beam radiation was delivered to the 
clinically diagnosed pituitary adenoma. Sub- 
sequently, the patient developed a mass in the 
right side of the neck. This was removed but re- 
curred in 1959. 

Pertinent physical findings were a palpable 
liver, 1 cm. below the right costal margin, and a 
visual feld defect involving the right inferior 
and superior temporal fields. 

In the right paratracheal area, a 1.5 cm. 
tender firm nodule that did not move with de- 
glutition was present. Above this nodule was an 
indurated firm mass that seemed fixed to the 
overlying skin. 

Roentgenograms of the neck showed an ir- 
regular area of increased density with irregular 
edges conforming to the contour of the fascial 
and muscular planes. Its density was approxi- 
mately the same as that of barium sulfate. This 
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Fic. 1. Case 1. Lateral roentgenogram of the neck. 
The irregular dense shadow anterior to the spine 
is due to thorotrast infiltrating the cervical soft 
tissues extending from the base of the skull to the 
supraclavicular area. The appearance of this 
shadow 1s characteristic (see Fig. 3, 4 and B). 


area as seen 1n the anteroposterior roentgeno- 
gram was 4 cm. in width and 11 cm. in length. 
It extended from the mastoid area down to the 
level of the right thvroid lobe. The trachea was 
deviated to the left but not constricted (Fig. 1). 

Chest roentgenograms showed cardiomegaly 
with enlargement of the left ventricle. The sella 
turcica was enlarged due to the pituitary 
adenoma. 

Laboratory studies were all within normal 
limits. Her hemoglobin was 13.5 gm. with a 
hematocrit of 41 per cent. The white blood cell 
count was 7,000 with 67 per cent neutrophils, 
26 per cent lymphocytes, 6 per cent monocytes 
and 1 per cent eosinophils. Urinalysis was 
normal. The blood urea nitrogen was 10 mg. 
per cent and the total cholesterol was 170 mg. 
per cent. The patient's electrocardiogram 
showed a first degree heart block and some non- 
specific changes. The patient had a liver biopsy 
on December 16, 1960 using a Vim-Silverman 
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needle. This showed normal liver tissue. 

A neck biopsy on December 15, 1961 using 
a Vim-Silverman needle showed moderately 
coarse refractile extracellular and intracellular 
granules of thorotrast within a dense collage- 
nous connective tissue stroma. The histopatho- 
logic diagnosis was thorotrast granuloma. 

The patient had only minor symptoms and 
the surgeon felt that the surgical risk out- 
weighed the possibility of malignant change. 
No operation was performed and she was dis- 
charged on December 24, 1961. She has re- 
mained well until the present time. 


Case 11. M.B., a 54 year old white woman, 
was admitted to Misericordia. Hospital on 
September 9, 1962 with a mass in the right neck 
and episodic dyspnea, of 2 years’ duration. She 
felt that something was pressing on her trachea 
and at times this gave a sensation of respiratory 
distress. Twenty years prior to admission, a 
carotid arteriography using thorotrast 
performed with extravasation of the contrast 
agent. 

On physical examination the pulse was 80, 
blood pressure 160/110, and the respiratory 
rate 20. The positive physical findings were con- 
fined to the neck. 

There was a firm stony hard mass 1n the re- 


Was 


gion of the right sternocleidomastoid muscle 
(Fig. 2). The right carotid and temporal pulses 


were not palpable. 





Fic. 2. Case rr. Lateral photograph of the neck. Note 
mass in sternocleidomastoid area. 
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ic. 3. Case rr. (4) Anteroposterior and (B) lateral roentgenograms of the neck. Both demonstrate the 
classic dense irregular shadow of thorotrast infiltrating the sternocleidomastoid area on the right side. 


Roentgenograms of the neck showed a dense 
infiltrate, irregular in outline, in the area of the 
right sternocleidomastoid muscle, measuring 
4X17 cm. This extended from the base of the 
skull to the upper mediastinum (Fig. 3, Æ and 
B). Lateral to this was a soft tissue mass meas- 
uring 4X6 cm. Barium study of the cervical 
esophagus showed some deviation to the left 
with no evidence of intrinsic disease (Fig. 4, /7- 
B. 

Arteriography was performed via right 
brachial artery "cut down” using 25 cc. of 37 
per cent renovist. The right common carotid 
artery was found to be obstructed at its origin 
(Fig. 5, 47 and B). 

On a manual scan of the neck using a 1 inch 
x2 inch Nal scintillation detector, 1,106 
counts per minute were recorded in the right 
neck as compared to 601 counts per minute in 
the left thigh. 

The patient’s hemoglobin was 13.4 gm. with 
a hematocrit of 40 per cent. Her white blood 
cell count was 5,000 with 44 per cent neutro- 
phils, 43 per cent lymphocytes, 11 per cent 
monocytes, I per cent basophils and 1 per cent 


eosinophils. Urinalysis, fasting blood sugar, 
blood urea nitrogen, COs, chlorides, sodium, po- 
tassium, and alkaline phosphatase were all 
within normal limits. The electrocardiogram 
showed myocardial ischemia and occasional 
premature ventricular contraction. 

At operation on September 14, 1962, the 
mass was found to be so adherent to the sur- 
rounding tissues that it could not be removed 
in entirety. Biopsies were taken. These showed 
thorotrast granulomas with no evidence of 
tumor (Fig. 6, Æ and B). 

The postoperative course was complicated by 
the development of a persistent parasthesia 
and numbness in the right hand and this origi- 
nally was thought to be due to traction on the 
median nerve at the time of surgery. Subse- 
quently, her pulse weakened. Because of this, 
the patient was again admitted to Misericordia 
Hospital on May 19, 1963. At surgery the 
proximal brachial artery was exposed and an 
arteriogram showed it to be obstructed. This 
was believed to be due to the retrograde arteri- 
ography done in September of 1962. The 
blocked area was bypassed, using a segment of 
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l'1G. 4. Case 11. (4 and B) Anteroposterior and (C and D) lateral roentgenograms of swallowing function 
study. These show the proximity of the thorotrastoma to the lateral wall of the cervical esophagus and 
hypopharynx. The esophagus is deviated to the left of the midline by the mass. 





Fic. 5. Case 11. (4 and B) Angiograms of the right cervical vessels by the brachial route, demonstrating 
complete occlusion of the right common carotid artery by the tkorotrastoma. This was confirmed at 
operation. 
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Fic. 6. (4 and B) Photomicrographs showing moderately coarse refractile, extracellular and intracellular 
granules of thorotrast within a dense collagenous connective tissue stroma (100X and 450X). 
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SELECTIVE TRANSTRACHEAL BRONCHOGRAPHY 
USING A RADIOPAQUE. CATHETER* 


By ARCH W. TEMPLETON, M.D.,f and CLAUDE E. FENDLEY, M.D.t 


NORFOLK, VIRGINIA 


E ooi eid bronchography 
performed through the middle crico- 
thyroid ligament was first described by 
Sicard and Forestier. More recently, Beck 
and Hobbs,‘ and Hemley ef a/.* presented 
their results; they used a needle for the 
entire examination. Willson® modified the 
procedure by introducing a polyethylene 
tube. 

In this report a transtracheal broncho- 
graphic technique using a radiopaque cath- 
eter is described.* Selective catheterization 
of the major bronchi is easily performed. 
The number of roentgenograms with over- 
lapping, confusing structures is reduced. 
Only 2 to 5 cc. of intratracheal 2 per cent 
lidocaine? will produce satisfactory anes- 
thesia in most patients. The mouth, phar- 
ynx and vocal cords are not anesthetized. 
Forty-four patients have been examined in 
this manner. 


METHOD 


One hundred milligrams of nembutal and 
I grain of codeine are given to the patient 
about 20 minutes before the examination. 
The patient is supine on the roentgeno- 
graphic table, and a support is placed under 
the shoulders, thus hyperextending the 
neck. The table is tilted a few degrees, feet 
downward. After cleansing the anterior 
neck, a skin wheel is made over the middle 
cricothyroid ligament. A 3 to 4 mm. skin 
incision is made just superior to the mid- 
point of the cricoid cartilage (Fig. 1). 

The trachea is held firmly between the 
thumb and fingers of one hand to prevent 


* The needle and catheter are Intracath $1814-R kindly fur- 
nished by Mr. David Alden of C. R. Bard, Inc. 


* From the U. S. Navy Dispensary, Norfolk, Virginia. 





Fic. 1. The patient is supine with the neck hyper- 
extended. The position of the skin wheel and of the 
incision over the middle cricothyroid ligament is 
indicated. 


rolling. A 21 gauge, 14 inch needle is in- 
serted through the incision into the trachea. 
The patient is instructed to breath easily. 
The support is removed from under the 
shoulders, and the syringe containing local 
anesthesia is attached. The patient is asked 
to take an easy expiration and 2 or 3 cc. of 
intratracheal anesthetic is instilled. The 
needle is quickly removed, and the patient 
is told to inspire. A brief bout of coughing 
ensues, and the patient states that his 
throat feels cool. 

A pillow is again placed under the shoul- 
ders. The 14 gauge Intracath needle is 
inserted in a downward inclination. The 


The technique described does not represent official Navy Medical Department policy. Part of this material was presented as an 
exhibit at the Sixty-fourth Annual Mecting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8—11, 1963. 
T Present address: Department of Radiology, University of Missouri Medical Center, Columbia, Missouri. 


t Present address: Baptist Hospital, Memphis, Tennessee. 
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lic. 2. The 14 gauge needle is in place in a down- 
ward inclination, and the radiopaque catheter is 


inserted. 


bevel of the needle faces up. The catheter is 
quickly passed through the needle, and the 
needle is removed (Fig. 2). If the catheter 
does not pass easily into the trachea, the 
needle is improperly placed. The shoulder 
support is removed. The catheter is ad- 
vanced to the carina where an additional 1 
or 2 cc. of anesthetic is instilled, if needed. 
The lung with the most clinical and roent- 
genologic findings is catheterized first. 

A 20 cc. svringe fitted with an 18 gauge 
needle is used for contrast material. The 
needle will fit snuglv inside the catheter. 
The upper lobe is filled while the table is 
horizontal. Then the table is raised about 
15 degrees, and the other lobes are filled. 
The injection of contrast material is con- 
tinued while the patient 1s turned lateral 
and prone. Satisfactory filling is controlled 
Huoroscopically. 

When one lung is filled, posteroanterior, 
lateral and proper oblique roentgenograms 
are obtained (Fig. 3, 4, B and C). These are 
checked, and, if better demonstration 1s 
required, more contrast material 1s instilled 
at this time. The patient resumes the su- 
pine position, and the other lung 1s cathe- 
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terized and contrast material is instilled. 
Posteroanterior and the other oblique 
roentgenograms are then made (Fig. 4, 4 
and B). After checking these roentgeno- 
grams, the catheter is removed and a band- 
age 1s applied on the small incision. 

A delayed 30 minute posteroanterior 
roentgenogram is also obtained routinely. 
Areas of disease are frequently better de- 
lineated on this delayed roentgenogram. 


DISCUSSION 


Soft tissue extravasation of contrast 
material is one of the complications of the 
needle technique." The catheter method 
precludes this complication. Three of the 44 
patients in this series developed subcutane- 
ous emphysema which cleared in a few 
days. Seven patients required an additional 
2 or 3 cc. of 4 per cent cocaine for satisfac- 
tory anesthesia. 

Three cubic centimeters of intratracheal 
lidocaine produced satisfactory anesthesia 
in a 12 year old boy. He tolerated the proce- 
dure very well. One patient was examined 
twice with no untoward effects. 

The catheter is left in place until com- 
plete bronchial filling and good quality 
roentgenograns are assured. 

The advantages of the method are: (1) 
there is complete patient mobility; (2) the 
needle insertion is simple; (3) the entire 
examination Is usually completed in 30 
minutes; (4) there is no significant patient 
discomfort; and (5) the radiologist has 
control of the procedure at all times. 


CONCLUSION 

lranstracheal bronchography using a 
radiopaque catheter has been carried out on 
44 patients. The technique is described. 
Minimal intratracheal anesthesia is re- 
quired. The major bronchi are easily cathe- 
terized. Complete bronchial filling and good 
quality roentgenograms are assured. The 
procedure is easily performed with no sig- 
nificant patent discomfort. 
Arch W. Templeton, M.D. 
University of Missouri Medical Center 
Columbia, Missouri 
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tc. 3. Posteroanterior (4), lateral (B) and 
left anterior oblique (C) roentgenograms 
of a patient with questionable roentgeno- 
graphic and clinical findings of bronchiec- 
tasis in the right lower lung. The right 
bronchial tree is catheterized and coated 
with contrast material. 
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Fic. 4. After the right bronchial tree is satisfactorily demonstrated, the left bronchial tree is examined 
and posteroanterior (4) and right anterior oblique (B) roentgenograms are made. 
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FURTHER EXPERIENCE WITH BARIUM SULFATE 
AS A BRONCHOGRAPHIC CONTRAST MEDIUM?* 


By SIDNEY W. NELSON, M.D.,f ANTHIMOS J. CHRISTOFORIDIS, M.D.,f and 
PHILIP C. PRATT, M.D.t 


COLUMBUS, OHIO 


"Primum non nocere" 
( First, do no harm’) 
T IS the purpose of this report to present 
our clinical studies using a barium sul- 
fate suspension as a bronchographic me- 
dium, and to discuss its safety and effective- 
ness as compared to dionosil oilv,* and the 
more recently introduced high quality 
iodinated aqueous suspension, hvtrast. t 


DEFINITIONS 


Because this 1s a complicated and con- 
troversial subject in which semantics can 
cause confusion, the following definitions 
apply to our use of the language in this 
communication: 

1. Compound (as in “iodinated com- 
pound"): a true chemical arrangement in 
which the atoms or molecules of the opaque 
element are bound to molecules of varying 
structure. 

2. Medium (as in “contrast medium”): a 
mixture of chemicals including the opaque 
compound, oils, favoring agents, antibac- 
terial agents, wetting agents, and suspend- 
ing agents such as carboxymethylcellulose, 
sodium-carboxymethylcellulose, hvdroxv- 
ethylcellulose, etc. 

3. "Barium" : barium sulfate. 

4. Barium sulfate (as used in our study): 
micropaque.1 

s. Micropaque: a dry powder consisting 
of barium sulfate, lactose, favoring agent, 
gel, soluble sulfates, and chlorides. 

6. “Our barium sulfate suspension’: a 
mixture containing 35-50 per cent (w/v) 

* Glaxo Laboratories Ltd., Greenford, Middlesex, England. 


+ E. Fougera & Co. Inc., Hicksville, Long Island, New York. 
t Damancy & Co. Ltd., Ware, Herts, England. 


* 


1963. 


micropaque in normal saline which contains 
1.75 per cent sodium carboxvmethvlcellu- 
lose. 

7. "éteripaque-BR" : a suspension con- 
taining barium sulfate, dextrin, hydroxy- 
ethylcellulose, polvethylene glycol mono- 
laurate, sodium sulfate, and water.$ 

8. “Viscosity”: a term which, in its clas- 
sic sense, describes the “fluidity,” "flow- 
abilitv," "thickness," etc., of oils. Strictly 
speaking, the term cannot be applied to 
aqueous suspensions, e.g., the barium sus- 
pensions used in our bronchographic work. 
However, the physical properties of these 
media must be accurately described in order 
to make their consistency reproducible. 
Therefore, in order to describe the consist- 
ency of our medium in reproducible units, 
we used the Brookfield Svnchro-lectric 
Viscometer, Model LVF, with spindle 
number 3 at speeds dependent upon the 
thickness of the medium being calibrated, 
and at temperatures of 82? F., and 100° F. 
There was no particular scientific reason for 
using 82° F. It happened to be the room 
temperature at the time the measurements 
were made. The 100° F. was chosen in order 
to approximate body temperature. The 
shearing effect of the spindle as it rotates 
through the medium is measured in centi- 
poises, one poise being defined as the force 
of one dyne exerted on a surface of one 
square centimeter per second (see Fig. 11). 

9. "Retention": any immediate post- 
bronchographic pulmonary abnormality 
which was not present on the prebroncho- 
graphic roentgenogram. 


§ Damancy & Co. Ltd., Ware, Herts, England. 


Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


Supported in part by The Ohio State University Research Foundation. 


t Department of Radiology, The Ohio State University Hospitals. 


1 Department of Pathology, The Ohio Tuberculosis Hospital. 
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10. “Disappearance of the contrast me- 
dium”: the return of the postbroncho- 
graphic roentgenogram to the appearance 
seen on the prebronchographic roentgeno- 
gram. 

11. “Significant” pulse elevation prior to 
bronchography: a rate above go per minute. 

12. “Abnormal” pulse rate elevation after 
bronchography: a rate above 100 per minute 
24 or 48 hours after bronchography. 

13. “Significant?” temperature elevation 
prior to bronchography: temperature above 
99 RP. (300 CA). 

14. “Abnormal”? temperature elevation 
after bronchography: temperature at 100.4° 
F. (38° C.) or higher, 24 or 48 hours after 
bronchography. 


THE DEVELOPMENT OF INTEREST 
IN BARIUM SULFATE AS A 
BRONCHOGRAPHIC MEDIUM 


Although the domain of the iodized con- 
trast media has heretofore been the vascu- 
lar system and tracheobronchial tree, re- 
cent work has focused interest in their use in 
the gastrointestinal tract. Conversely, al- 
though barium sulfate suspensions have 
achieved eminence primarily as gastrointes- 
tinal contrast media, there are some? ? i? 
who reason that barium sulfate may be 
preferable to the iodinated media in other 
areas, such as the tracheobronchial tree. 

Although the use of barium sulfate as a 
bronchographic medium is a subject which 
creates grave misgivings in the minds of 
many, our experimental work? failed to 
provide significant contraindications to the 
use of barium sulfate suspensions as bron- 
chographic media and our subsequent pre- 
liminary clinical studies confirmed our own 
and other experimental studies!" in which 
barium sulfate was introduced into the 
lungs of animals. In fact, our group has 
found that this medium has several desir- 
able characteristics. Barium sulfate suspen- 
sions cause fewer acute reactions than do 
other media. Furthermore, although the 
elimination of barium sulfate from the 
lungs of some patients is a slow process, it 
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does not cause fibrosis or any other apparent 
deleterious chronic pulmonary reaction. 
Therefore, since 1957 we have been alter- 
nating the use of this medium 1n approxi- 
mately parallel fashion with dionosil oily in 
an attempt to evaluate the acute and 
chronic effects of these two media in a larger 
series of cases and to compare their roent- 
genologic diagnostic value. 

The use of opaque contrast media has 
made possible the enormous development 
which has occurred in the specialty of radi- 
ologv during the past £o vears, and 1t is 
understandable that radiologists are con- 
cerned with the increasing complexitv of 
the problem of choosing the safest and most 
useful contrast medium for a given exami- 
nation. The problem is often perplexing be- 
cause most contrast "media" are mixtures 
of several substances, the main one being 
the radiopaque element which is often in 
the form of a complex chemical compound. 
These radiopaque compounds are held in 
suspension by a variety of vegetable oils 
and cellulose derivatives, and are often 
made more palatable by the addition of 
flavoring agents. 

We hope this report will provide data 
which will help to resolve the questions re- 
garding the safety and value of barium 
sulfate suspensions of the proper viscosity 
in bronchography. 


HISTORICAL REVIEW 


The development of lipiodol bronchogra- 
phy by Sicard and Forestier® was a mile- 
stone in roentgen diagnosis of the chest. 
However, in spite of the safety of lipiodol 
and its nonirritating effect upon the bron- 
chial mucosa, clinical and experimental 
work has shown that its use could cause 
lipoid pneumonia? and lipoid granulo- 
mata.™!7:21.233 Furthermore, the occasional 
reports of fatal anaphylactic reactions,’ 
deaths due to acute iodism,*48 and trouble- 
some cases of iodine sensitivity’®” empha- 
sized these minimal, but ever present, dan- 
gers. Moreover, in lipiodol the strong chem- 
ical bond between the iodine and the pop- 
pyseed oil made it possible to see roentgeno- 
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graphic evidence of retention of both the 
iodine and the oil for long periods of time.® 
17,21,51,64,55 Although continuing efforts were 
made to develop better bronchographic 
media, iodine remained the basic radio- 
paque ingredient.?:611.1%,2,28, 80,40, 64 

The occurrence of lipoid granulomata, 
lipoid pneumonia, and long-standing reten- 
tion of the oily iodinated media was pre- 
cluded when a water-soluble iodinated 
medium was developed by Morales and 
Heiwinkle;®° yet, this type of medium did 
not solve the problem of acute iodism or 
anaphylaxis, and furthermore it created an 
additional problem of greater irritation of 
the bronchial mucosa and alveolar epithe- 
lium.?:!214:35,58 The development of oily iodi- 
nated media such as oily dionosil again less- 
ened the problem of acute irritation and 
also made it possible to obviate the reten- 
tion of the radiopaque iodinated compound 
in the lungs by suspending it in peanut oil 
with which it did not form a chemical bond, 
thus allowing the iodinated compound in 
the contrast medium to be hydrolyzed and 
absorbed from the lungs. Although it was a 
seeming advantage to observe the disap- 
pearance of the opaque iodinated compound 
from the lungs on the postbronchographic 
roentgenogram, experimental studies 
showed that the monopaque peanut oil 
sometimes remained in the lung, causing 
lipoid pneumonia and lipoid granulomata.* 

When sulfanilamide and lipiodol were 
mixed, a thicker medium (visciodol) re- 
sulted.4 Some? believed this medium to 
have advantages due to its greater viscosity 
and diminished tendency to alveolize, in 
comparison to lipiodol and dionosil oily. 
Salinger and Houghton* have had exten- 
sive experience with visciodol and have 
shown it to be an excellent medium in their 
hands. However, in spite of its apparent 
safety, the combination of two potentially 
dangerous drugs (iodine and sulfanilamide) 
in one contrast medium may raise some 
question as to its being ideal. In addition to 
the sensitivity problems related to both 
iodine and sulfanilamide, the added prob- 
lems of high sulfanilamide blood levels and 
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methemoglobinemia™ of significant degree 
occur in patients in whom this medium is 
used. 

More recently there has been developed a 
new water-soluble iodinated medium (hy- 
trast) which contains a greater percentage 
of the opaque iodinated compound than do 
the other media. In an independent study, 
members of our group?! found that the use 
of this iodinated medium resulted in bron- 
chograms of fine quality, the opaque com- 
pound usually disappearing from the lung 
within a week. However, this medium has 
recently been reported to cause bronchial 
mucosal irritation and acute inflammatory 
effects in the lung parenchyma in a signifi- 
cant number of animals and patients.*? Our 
own animal work during the past 2 years has 
also shown a higher incidence of acute in- 
flammatory effects following the use of this 
medium than is true in the case of lipiodol, 
dionosil oily, or the barium sulfate suspen- 
sion used in our study. 

During the period when so much effort 
was being made to develop better iodinated 
media, our group? and others!?-15.24,26,49,53 
were investigating the effects of barium sul- 
fate suspensions. Despite the prejudice 
against the accidental or intentional intro- 
duction of barium sulfate into the bronchial 
tree, it was theoretically the most intriguing 
compound because of its almost complete 
inertness, its good density, and desirable 
physical characteristics. We were among 
many who had observed that the bronchial 
tree could in a matter of hours or a few days 
completely eliminate routine watery bar- 
ium sulfate suspensions which were inad- 
vertently aspirated by patients with 
tracheoesophageal fistulae, neuromuscular 
dysfunction of the deglutition mechanism, 
or mechanical obstruction of the esophagus. 
This efficient elimination of barium sulfate 
was theoretic evidence of the effectiveness 
of the cough reflex, phagocytosis, and the 
ciliated epithelial cells which line the respir- 
atory tract. The possibility of absorption 
of appreciable amounts of barium sulfate 
from bronchial or alveolar epitheltum was 
considered remote. 
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WHY IS BARIUM SULFATE FEARED 
IN THE LUNGS? 


It is appropriate to consider briefly the 
reasons for the common aversion to the 
intentional or accidental introduction of 
barium sulfate into the tracheobronchial 
tree. Probably the most understandable 
fear of “barium” as a diagnostic opaque 
medium originated in the early days of its 
use when deaths occurred following the 
ingestion of soluble toxic salts such as bar- 
tum chloride, barium sulfide, barium car- 
bonate, barium nitrate, and barium ace- 
tate, which were present as impurities in 
improperly refined barium sulfate, or when 
such toxic salts were inadvertently substi- 
tuted for barium sulfate!*:?? due to illegible 
drug prescriptions or carelessness. This 
danger has apparently been eliminated, the 
last reports having occurred many years 
ago, despite the extensive use of barium 
sulfate suspensions annually in millions of 
gastrointestinal examinations throughout 
the world. Thus, the apprehension concern- 
ing barium poisoning due to the soluble 
salts is no longer justified. 

Another fear which is held by many re- 
spected medical colleagues is that the bar- 
ium suspensions will mechanically plug the 
bronchi as inspissated bronchial casts and 
thus permanently interfere with pulmonary 
ventilation. Possibly this fear is somehow 
related to the knowledge that barium sus- 
pensions settle in oio, or occasionally 
cause impactions in the colon. However, 
the barium sulfate in currently available 
suspensions settles slowly in vifro and even 
less in vivo where peristaltic movements of 
hollow viscera and changes in the position 
of the patient’s body tend to prevent this. 
Furthermore, although it is understandable 
that a dehydrating organ like the colon can 
favor the formation of barium impactions, 
the colon and bronchi are so different in 
their physiology that intrabronchial impac- 
tions do not occur either in animals or in 
man. 

An additional and more reasonable fear is 
that of alveolar retention with a resultant 
pneumoconiosis-like disease causing pro- 
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gressive pulmonary fibrosis and diminution 
of pulmonary function. However, the 
weight of experimental evidence militates 
strongly against this possibility, as shown 
by our own work? and the work of other 
investigators, 9152653 which fail to show any 
evidence of fibrosis. Fite? saw evidence of 
colagen formation following the intra- 
bronchial injection of a proprietary con- 
trast medium (gastropaque), but this reac- 
tion may have been due to the pentosan 
and vanilin contained in this medium. 
Although pulmonary fibrosis due to barium 
sulfate has not been experimentally pro- 
duced, it has been reported following the 
intrapulmonary use of the various oils 
contained in bronchographic media. In the 
absence of any scientific evidence of dele- 
terious effects of barium sulfate in the lung, 
we began our study comparing the use of 
barium sulfate and dionosil oily, the latter 
being, in our opinion, the best of the iodi- 
nated media. We have been primarily in- 
terested in evaluating the acute and long- 
term effects of these media, although the 
roentgenographic and physical character- 
istics have also been carefully evaluated. 


THE BARIUM SULFATE SUSPENSION 
USED IN OUR STUDY 


Until very recently, we prepared the 
barium sulfate suspension used in all of our 
animal and clinical studies. The medium 
now contains so per cent (w/v) of barium 
sulfate (micropaque) suspended in normal 
saline containing 1.75 per cent of sodi- 
um carboxymethylcellulose. The saline- 
sodium carboxymethylcellulose solution is 
always added to the bartum powder and 
mixed with a glass stirring rod until itis ofa 
homogeneous creamy consistency. During 
the past few months, we have used a com- 
mercial barium sulfate suspension (steri- 
paque-BR) which has the approximate 
composition of our own mixture, except that 
hydroxyethylcellulose is used as a suspending 
agent instead of sodium carboxy methylcellu- 
lose. This barium preparation has fine 
physical properties and results in broncho- 
grams of excellent quality identical to, or 
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possibly better than, that obtained with our 
own mixture. Steripaque-BR also contains 
small amounts of common surface-tension- 
lowering ingredients and preservatives 
which have been tested in animals and 
found to be safe (see ‘“Definitions’’). 


OUR METHOD OF EVALUATION 


The vast majority of the bronchogra- 
phies were performed on patients hospital- 
ized in the Ohio Tuberculosis Hospital 
where long-term follow-up study could be 
carried out in about one-half of the pa- 
tients. It was not always possible to com- 
pletely randomize our selection of patients 
for the two series of bronchographies using 
dionosil oily and the barium sulfate suspen- 
sion, but in spite of occasional pressure to 
use the barium suspension instead of oily 
dionosil, we were able to alternate the use of 
these media most of the time. Most of the 
bronchographies were performed by one 
examiner. All follow-up roentgenograms 
were examined by both radiologists of the 
group, whereas all of the experimental and 
clinical pathologic material was studied by 
the pathologist of the group. The pre- and 
postbronchographic temperature and pulse 
records and other clinical data were ob- 
tained from the hospital charts. 

Early in our study we performed pulmo- 
nary function studies!? before and after 
bronchography in a small series of patients 
and found that oily dionosil and the barium 
sulfate suspensions did not differ from one 
another in their effect upon pulmonary 
function. Unilateral bronchography with 
either medium resulted in a diminution of 
approximately 20 per cent in the maximal 
breathing capacity, whereas bilateral bron- 
chography resulted in approximately 30 per 
cent diminution in maximal breathing 
capacity. All pulmonary function studies 
returned to the prebronchographic levels 
within 3 hours following the procedure. 
Thus, there is apparently no significant 
degree of permanent bronchial obstruction 
by either of these two bronchographic 
media. However, it is probable that any 
bronchographic medium is capable of caus- 
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ing a temporary diminution of pulmonary 
function by mechanical interference with 
respiration. 


TEMPERATURE AND PULSE RESPONSE 
TO BRONCHOGRAPHY 


We postulated that the temperature and 
pulse would reflect the pharmacologic and 
acute inflammatory response of the body to 
the administration of a contrast medium; 
i.e., the greater the intensity of an acute 
inflammatory response, the greater would 
be the associated elevation of temperature 
and pulse rate. However, the interpretation 
of these responses was complicated by the 
fact that the prebronchographic tempera- 
tures and pulse rates were often signifi- 
cantly elevated because of tuberculosis or 
other infectious processes existing prior to 
the bronchographic procedure. Any pre- 
bronchographic temperature of 99? F. or 
higher, or pulse rate of go per minute or 
higher, were regarded as "significantly" 
elevated. Thus, although many abnormal 
postbronchographic temperature and pulse 
levels may not have been due to the contrast 
medium, they were, nevertheless, recorded 
as postbronchographic elevations. Only 
postbronchographic temperatures of 38° C. 
or above and pulse rates of 100 per minute 
or more were tabulated as "abnormal" 
postbronchographic responses in our study. 
We recorded the temperature and pulse 
before bronchography, 24 hours after bron- 
chography, and 48 hours after bronchogra- 
phy. 
The results, although not remarkable, 
are interesting (Table 1). For example, 24 
hours following 13 (4.4 per cent) of 291i 
bronchographic procedures with barium 
sulfate there were abnormal temperatures. 
In 6 of these 13 cases the prebronchographic 
temperatures were 37.2? C. or higher, thus 
leaving only 7 instances in which significant 
24 hour postbronchographic temperature 
elevations were present in patients who had 
normal prebronchographic temperatures. 
This is in contrast to the temperature data 
after the 276 bronchographic procedures 
with dionosil oily, following which there 
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were abnormal temperature elevations in 26 
instances (9.4 per cent). However, in only 3 
of these 26 cases was there an abnormal 
temperature prior to the procedure, leaving 
23 cases with abnormal temperature eleva- 
tions 24 hours after bronchography in spite 
of normal prebronchographic temperatures. 

We were able to obtain data on the tem- 
perature and pulse rates of only 73 patients 
before and after bronchography with hy- 
trast. There were 8 cases (11 per cent) in 
which significant temperature elevations 
were present 24 hours after bronchography, 
although in 3 of these 8 cases there were 
abnormally elevated prebronchographic 
temperatures. 

The incidence of abnormal pulse rate 
elevations after bronchography in general 
was similar to the incidence of temperature 
elevations. There were 31 abnormal pulse 
elevations 24 hours following bronchogra- 
phy with barium sulfate and 25 abnormal 
pulse rate elevations following bronchogra- 
phy with dionosil oily. However, there were 
elevated pulse rates prior to the procedure 
in 18 of the 31 instances in which abnormal 
pulse rate elevations followed bronchogra- 
phy with barium sulfate, whereas in only 2 
of the 25 cases in which dionosil oily was 
used was there an abnormal prebroncho- 
graphic pulse rate. 

Forty-eight hours following bronchogra- 
phy, the incidence of abnormal responses to 
both the barium sulfate suspension and the 
iodinated media was less frequent than at 
the 24 hour interval, the data, nevertheless, 
again being statistically indicative of more 
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abnormal responses following the use of the 
lodinated media. 

In general, these data indicate that there 
Is a greater pharmacologic and inflamma- 
tory response to the iodine-containing 
media than there is to the barium sulfate 
suspension. This is understandable in view 
of the fact that the iodinated compound in 
oily dionosil is in a chemically active state, 
whereas barium sulfate is inert. The signifi- 
cant abnormal temperature and pulse rate 
elevations following the barium sulfate are 
probably due to the nonspecific foreign 
body response, which also follows the ad- 
ministration of the iodized preparation and 
is largely due to the oily vehicle and the 
suspending agents. This is a nonspecific 
response to any foreign body in the bron- 
chial tree. 


ELIMINATION OF THE MEDIUM 
FROM THE LUNGS 


The roentgenologic studies of retention 
were of interest (Table i). In approxi- 
mately one-half of the 289 patients who had 
bronchography with barium, there was no 
roentgenologic evidence of residual barium 
I year after bronchography. Furthermore, 
in this group of 135 patients, there were 41 
in whom there was complete elimination of 
the barium suspension in less than 1 week, 
in many instances elimination being com- 
plete in less than 24 hours (Fig. 1, 4 and 
B). The remaining 154 patients still had 
residual barium 1n the bronchial tree at the 
time of our last available follow-up chest 
roentgenogram. A few patients were placed 


TABLE I 


TEMPERATURE AND PULSE AFTER BRONCHOGRAPHY 


No. of Bronchograms Evaluated 


No. of Times Temperature >38° at 24 hr. 
No. of Times Temperature >38° at 48 hr. 
No. of Times Pulse >100 at 24 hr. 


Barium Sulfate Dionosil Oily Hytrast 
291 276 73 
( 6) 26 (3) 8 (3) 
( 1) 8 (2) 2 (1) 
(18) 25 (2) 5 (2) 
(9) 18 (6) 2 (1) 


No. of Times Pulse » 100 at 48 hr. 





Note: Data showing some differences in pharmacologic effects of the bronchographic media. Figures in parentheses indicate the 
number of instances in which abnormal temperature elevations or increased pulse rates existed prior to bronchography in those patients 
who had abnormal values after bronchography (figures not in parentheses). 
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in the "unknown" category when no fol- 
low-up chest roentgenograms were avail- 
able (1) 1f their discharge from the hospital 
occurred immediately after bronchography, 
(2) 1f surgical removal of the involved lung 
was carried out before follow-up roentgeno- 
grams were obtained, or (3) if the roent- 
genograms were unavailable for studv. As 
our follow-up studies continue, there is no 
reason to doubt that most of the patients in 
this group will eventually show roentgeno- 
logic evidence of complete elimination, as 
was true in the group successfully followed. 

DEFINITIONS OF DEGREES OF RETENTION 

In attempting to record the amounts of 
barium retained, we used 3 categories— 
minimal, moderate, and marked: (1) “mini- 
mal” amounts of retention (Fig. 2, Z, B and 
C) refer to those patchy or punctate accum- 
ulations localized to one bronchopulmonary 
segment or subsegment, or to a few tinv 
deposits scattered throughout one lobe; (2) 
"moderate" amounts are patchy collections 
distributed throughout one lobe (Fig. 3, Z, 
B, C and D), or to smaller punctate collec- 
tions located in two lobes (Fig. 4); (3) 
"marked" retention refers to a confluent 
dense distribution throughout most of the 
parenchyma of one or more lobes (Fig. 5, 
A and B), the roentgenographic picture of- 
ten resembling an extensive lobar pneu- 
monia. Because the lungs are so variable in 
anatomy and volume, it is obviously dif- 
ficult to classify the degrees of retention 
quantitatively, but if we erred, we did so 
in the direction of "maximizing" the 
amount of retention by recording any 
doubtful case in the highest of the two 
categories in question. In many cases, we 
could not recognize the metallic density of 
the barium sulfate, but believed it best to 
be conservative and assume that the post- 
bronchographic water-density ‘‘pneumo- 
nia-like” appearances were due to intra- 
alveolar deposits of barium sulfate which 
had become so diluted by the alveolar 
exudate that the roentgenologic density 
approached that of water. Thus, we classi- 
fied these roentgen manifestations as being 
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Tague II 
BARIUM RETENTION STUDIES 
(289 Bronchographies) 


Complete Disappearance from Lungs 








(135 of 289 Examinations) 
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Lost to Follow-Up While Barium Retained 


(154 of 289 Examinations) 
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Minimal 31 | IO 17 14 LI 
Moderate 24 g 8 "4 2 
Marked — 2 2 — -—— 
Unknown " a 4 — — 
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Note: At the top the duration of time for complete disappear- 
ance of barium sulfate from the lungs in 135 of 289 broncho- 
graphies is shown. At the żottom the amount and duration of 
continued retention of barium sulfate in the lungs in 154 of 289 
examinations at the time of the last available follow-up roent- 
genogram are shown. 


due to retention of barium sulfate. Possibly, 
we were too strict in estimating retention, 
but we felt it would be wise to assume that 
such roentgen changes immediately after 
bronchography were due to the presence of 
barium sulfate. Preliminary chest roent- 
genograms helped to clarify the problem of 
pre-existing pulmonary changes which 
might otherwise have been considered due 
to postbronchographic retention of barium 
sulfate. 

The gradual disappearance of barium 
sulfate from the bronchi and lung paren- 
chyma 1s an interesting phenomenon. The 
tubular collections of residual barium sul- 
fate within the bronchial lumina (Fig. 6, 4 
and 5) are most likely eliminated by cough- 
ing, although it is possible that ciliary ac- 
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tion and phagocytosis play less significant 
roles. Barium sulfate which enters the 
pulmonary parenchyma is also probably 
removed largely by coughing, although it 
disappears much more slowly than does the 
barium in the larger bronchi. In both ani- 
mals and man, the barium sulfate in the 
alveolar ducts and sacs is phagocytosed to a 
large degree, following which it is difficult to 
ascertain whether the barium-laden intra- 
alveolar phagocytes are expectorated or 
migrate to regional lymphatics. It has been 
shown in animals?! that the polymorpho- 
nuclear leukocytes which enter the alveoli 
during the acute inflammatory response 
soon become lysed, the released barium 
sulfate particles then becoming phagocy- 
tosed by the macrophages which may clus- 
ter in the alveoli as small granulomas, or 
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which may be expectorated or enter the 
tissues of the alveolar wall. We did not trv 
to identify barium in the regional lymph 
nodes, although it is likely that some is 
transported there by the macrophages. 
Regardless of the exact mechanism of re- 
moval of “alveolized” barium, z£ is a fact 
that 1t often completely disappears roentgeno- 
graphically. Barium that remains perma- 
nently in the alveoli is usually located 
within macrophages in the tiny intra- 
alveolar granulomas which apparently have 
no clinical effect upon pulmonary function, 
and which apparently do not produce pul- 
monary fibrosis in animals or man. 

The possibility of the production of pul- 
monary fibrosis as a result of the intra- 
alveolar retention of barium sulfate is one 
which has worried, and continues to con- 
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Fic. 1. Barium sulfate bronchogram (4) followed by complete disappearance of medium 3 hours later 
(B). Note the lack of bronchiolar and alveolar filling in 74. 
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Fic. 2. Example of minimal amount of 
retention. (/7) Preliminary roentgeno- 
gram. (B) Twenty-four hours after 
bronchography there 1s a small cluster 
of variable sized punctate deposits of 
barium in the left mid-lung and just 
above the diaphragm. (C) Three and 
one-half months later there has been 
some diminution in the amount of the 
barium, although a minimal amount 
of retention is noted. No further fol- 
low-up roentgenograms are available. 
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Fic. 3. Moderate degree of retention (C) in the parenchyma of the right lower lobe 24 hours after broncho- 
gram (B) which was made in an attempt to clarify the nature of a nodular lesion clearly seen on the 
prebronchographic roentgenogram (;7) (arrows). The patient was lost to follow-up until 35 years later 
(D) at which time complete elimination had occurred. This type of filling of tiny bronchioles and alveoli is 
usually slow to disappear in contrast to the usual rapid elimination of the barium suspension from the 
remainder of the tracheobronchial tree. 
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cern, most people who are interested in 
using barium sulfate as a bronchographic 
medium. However, when microscopic evi- 
dence of residual barium is found, the asso- 
ciated foreign-body type of reaction is so 
benign that it seems unlikely that there 
could be a danger of a progressive type of 
fibrosis which characterizes some of the 
pneumoconioses. Indeed, we are unable to 
find evidence of barium-induced pulmonary 
fibrosis in animal or man. The benign histo- 
logic appearance is undoubtedly due to the 
almost total inertness of barium, in con- 
trast to the more intense prolonged tissue 
responses due to other inhaled dusts, 
opaque contrast media, or suspending sub- 
stances. It is of interest that a benign tissue 
response to barium sulfate has been noted 
since pulmonary baritosis was first consid- 
ered as a possible hazard to workers in bar- 
ium mines and refining plants. 

One tvpe of "retention" is of interest in 
differential diagnosis; 7.e., that which re- 
sults in the “wall sign" of an ulcerated 
"infected" cyst or cavity. This phenome- 
non is due to the phagocytosis of the ba- 
rium particles by the macrophages in the 
wall of an infected cyst or cavity. Inasmuch 
as the wall of the cavity consists of vast 
numbers of these barium-laden phagocytic 
cells, the result as seen on the chest roent- 
genograms after bronchography is a cyst or 
cavity lined by a radiopaque wall due to the 
cumulative density of the barium sulfate 
within this layer of cells (Fig. 7, Æ and B). 
This finding does not occur when the water- 
soluble iodinated media or the oily iodine- 
containing preparations are used. Possibly, 
the iodine-containing oil droplets are larger 
than the barium particles and therefore 
more difficult to phagocytose to the extent 
necessary for the production of radiopacity 
of the wall of the cvst or cavitv, whereas 
the iodinated compounds in water-soluble 
media are probablv absorbed before ade- 
quate phagocytosis and "staining" of the 
wall of the infected cyst can occur. We, 
therefore, believe that the radiopaque “‘wall 
sign" following bronchographv with bar- 
lum Is a pathognomonic roentgen sign of 
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lic. 4. Moderate amounts of retained barium scat- 
tered throughout the right lung 35 days after 
bronchography. This type of retention in the pul- 
monary parenchyma is usually eliminated slowly 
over a period of months or years, although varying 
tiny collections may remain indefinitely. 


an infected cyst or cavity which is lined by 
granulation tissue, in contrast to uninfected 
cysts or cavitary neoplasms, the walls of 
which are wot lined by granulation tissue 
and are, therefore, not able to show this 
sign. Because we have not seen this phe- 
nomenon in any noninfected cystic or cavi- 
tary lesion (Fig. 8, Æ and B), we are now 
evaluating a larger series of cavitary lesions 
for a future report concerning the reliability 
of this sign. 

It should be emphasized that retention of 
any bronchographic contrast medium is 
more likely to occurr in badly diseased lung 
than in normal lung. Thus, retention of 
lipiodol and barium is sometimes seen in 
those patients in whom impaired cough and 
ciliated epithelial mechanisms are not effec- 
tive in the removal of the intrabronchial 
foreign material. The phagocytic removal 
of the contrast media is probably also im- 
paired in badly diseased lung; ż.e., even 
though intra-alveolar phagocytes are pres- 
ent, and phagocytosis occurs, it is possible 
that the dying phagocytes release their 
barium sulfate particles into the lumen of the 
diseased lung from where it cannot be ex- 
pectorated, becoming repeatedly phagocy- 
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tosed or aggregated into small clumps 
which remain indefinitely. In emphysema- 
tous lung the seriously diminished respira- 
tory exchange causes the cough mechanism 
to be so ineffective that removal of the 
contrast media from the parenchyma is 
significantly impaired. Nevertheless, al- 
though it is understandable that barium 1s 
often retained for long periods of time in 
diseased lung (Fig. 5, 7 and B), removal 
does occur (Fig. 3, 47, B, C and D; and 9 Z, 
B, C and D) by the previously mentioned 
mechanisms with surprising frequency. 
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Although slow elimination of the retained 
barium sulfate occurs in most cases, occa- 
sionally the deposits merely become smaller 
and more dense (Fig. 10, £ and B). In such 
cases it seems likely that each punctate 
deposit 1s composed of innumerable small 
intra-alveolar granulomas composed of 
barium filled macrophages, although there 
may be small clumps of barium free in the 
alveolar lumen. 


MICROSCOPIC FINDINGS 


The microscopic studies of lung specimens 


a | 


Fic. «. Marked retention in a patient who coughed a great deal during bronchography. Note the alveoliza- 
tion of much of the contrast material on the bronchogram (77). Two weeks later (B), although there has 
been a diminution in the amount of contrast material in the left lung, there is still a considerable amount 
remaining. This retained medium will probably gradually diminish over a period of many months, or even 


years. 
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Frc. 6. (4) Roentgenogram made 24 hours after bronchography shows a minimal amount of barium retained 
in the posterior basal segmental bronchus of the left lower lobe. This is the type of retention which alwavs 


disappears in a few days. No further follow-up roentgenograms were made until 2 


which time no barium can be seen. 


resected after bronchography are of interest 
when evaluating the acute and chronic 
effects of dionosil oily (Table 111), barium 
sulfate (Table 1v), and hytrast (Table v). 


DIONOSIL OILY 


Rabbits. The acute effects were charac- 


> months later (B) at 


terized by the foreign body reaction in the 
alveolar ducts, bronchioles, and alveolar 
spaces, which were filled with edema fluid 
and intra-alveolar polymorphonuclear leu- 
kocytes. Some of the leukocytes contained 
lipoid material within their cytoplasm. The 
alveolar contents almost always had a 





Fic. 7. Besa of the “ 


opacifying wall sign" 
gram t A) on day of bronchography shows |: arge thin-walled cystic lesion in left upper lung. Fourteen days 


later (B) the wall of the cyst is obviously “coated” 


of infected (ulcerated) cystic lesion. Preliminary roentgeno- 


with barium, a finding which is due to the large num- 


bers of barium sulfate particles located within the macrophages lining the walls of this ulcerated cvstic 


lesion. 
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Fic. 8. (4) Multiple uninfected cysts are filled with barium. On film exposed 24 hours later (B), there 
is no evidence of barium. Note that the walls of the uninfected cysts do not contain barium. 
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lic. g. Normal right lung as seen on the preliminary roentgenogram (77). Seven weeks post bronchography 


(B), there is moderate degree of retention with punctate deposits of barium sulfate scattered throughout 


the right lung. More than 3 months after bronchography small punctate deposits of barium in right lung 


are still present, although diminishing slightly (C). Patient lost to follow-up until more than 2 years 
later (D), at which time the deposits of barium sulfate had disappeared. 
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Fic. 10. (4) Twenty-four hours after bronchography with barium sulfate, there is a moderate degree of 
retention of patchy, somewhat granular-appearing deposits in right lower lung. Almost 7 months later 
(B) the deposits of barium sulfate are smaller, more dense, and more sharply defined. This type of reten- 
tion is very slow to disappear, or may, rarely, persist indefinitely. 


finely vacuolated appearance, presumably 
due to the presence of the peanut oil vehicle 
of the dionosil oily. One week after bronchog- 
raphy the intra-alveolar phagocytes were 
primarily macrophages which had a foamy- 
appearing cytoplasm, also presumably due 
to the peanut oil. The macrophages were 
often grouped in the configuration of small 
intra-alveolar granulomata. There was 
slight generalized diffuse lymphocytic infil- 
tration and thickening of the alveolar walls, 
but no evidence of fibrosis. 

Man. The lung specimens of patients who 
had resections at varying intervals follow- 
ing bronchography with dionosil oily (Table 
11) showed acute and chronic changes re- 
sembling those seen in the animal studies. 
However, it is difficult to differentiate 
microscopically between the peanut oil of 
the dionosil and the endogenous lipoid 
material so often present in the chronically 
diseased lungs of these patients. For this 
reason, we considered onlv the obvious 


unphagocytosed intra-alveolar lipoid mate- 
rial and granulomas found in the relatively 
normal lung as being due to the dionosil oily. 
We found no evidence of pulmonarv fibrosis 
related to deposits of lipoid material. 


BARIUM SULFATE 


Rabbits. The acute changes following 
bronchography with barium sulfate were 
characterized by bronchioles and alveoli 
filled with edema fluid, a few polymorpho- 
nuclear leukocytes, and numerous particles 
of barium. Some of the leukocytes con- 
tained particles of barium. One week after 
bronchography, there were very few poly- 
morphonuclear leukocytes, the phagocytes 
being primarily macrophages, many of 
which contained barium sulfate particles. 
The macrophages were often arranged in 
the form of intra-alveolar granulomas. 
Occasional multinucleated giant cells were 
seen and the alveolar epithelium was 
slightly hypertrophied. The involved alve- 
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HISTOLOGIC CHANGES IN LUNG SPECIMENS OF 83 
PATIENTS WHO HAD DIONOSIL OILY BRONCHOGRAPHIES 
PRIOR TO RESECTION 


Interval be- ; 
tween Bron- | No. of Microscop Changes At- 
chography and | Patients tributed to Dionosil 
Resection Oily 
I da.-4 wk. I specimen with intense 
diffuse lipoid pneumonia; 
7 specimens with small 
foci of lipoid pneumonia 
or droplets of residual oil 
$ wk.-8 wk. 4 specimens with small 
foci of lipoid pneumonia 
or droplets of residual oil 
9 wk.—6 mo. 2 specimens with small 


foci of lipoid pneumonia 
or droplets of residual oil 





oli sometimes showed slight lymphocytic 
infiltration of the septa which were slightly 
thickened. There was no evidence of fibro- 
sis. 

Man. 'The changes were similar to those 
seen in animals (Table 1v). There were 
small intra-alveolar granulomas consisting 
of conglomerations of macrophages which 
contained the barium sulfate particles, and 
a few particles noted within the alveolar 
septa. There was no evidence of fibrosis or 
septal thickening which could be attributed 
to the barium sulfate. 


HYTRAST 


Rabbits. Following bronchography with 
hytrast, there was often an acute severe 
infammatory reaction consisting of much 
edema fluid within the bronchioles, alveolar 
ducts and alveolar spaces. There were many 
polymorphonuclear leukocytes within the 
edema fluid, the appearance closely resem- 
bling that of an acute chemical pneumonia. 
Occasionally, the bronchiolar and alveolar 
epithelium was necrotic. Large variable 
sized crystals were lying free in the edema 
fluid, many apparently being too large to be 
phagocytosed by the mononuclear and 
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polymorphonuclear phagocytes. Hytrast 
crystals were identified in intra-alveolar 
phagocytes as long as 6 months following 
bronchography. At this time the crystals 
were smaller than those seen during the 
acute reaction, and all crystals were within 
the phagocytes. These changes have also 
been well described in dogs recently by 
Rayl and Spjut. 

Man. Findings identical to those seen in 
animals were encountered in man (Table V). 
The large refractile crystals of the contrast 
medium were abundantly scattered 
throughout the inflammatory exudate in 
the alveoli. The longest time interval be- 
tween bronchography and resection in this 
small series of cases was § days, and long- 
term studies were not possible. 


COMMENT 


In summary, the lung specimens follow- 
ing bronchography with dionosil oily and 


lanLE IV 


HISTOLOGIC CHANGES IN LUNG SPECIMENS OF 89 PA- 
TIENTS WHO HAD BARIUM SULFATE BRONCHOGRAPHIES 
PRIOR TO RESECTION 


ae No. of Microscopic Changes At- 
chography and| Patients tributed to Barium 
Pacey Sulfate 

I da.-4 wk. 38 IO specimens with bar- 
ium sulfate particles in 
focal clumps in alveoli or 
in alveolar septa. All bar- 
lum particles phagocy- 
tosed. No fibrosis 

ç wk.-8 wk. 33 | Ig specimens with barium 
sulfate particles in focal 
clumps in alveoli or in 
alveolar septa. All barium 
particles phagocytosed. 
No fibrosis 

9 wk.—6 mo. 18 I specimen with barium 


sulfate particles in focal 
clumps in alveoli or in 
alveolar septa. All barium 
particles phagocytosed. 
No fibrosis 
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barium sulfate show a benign foreign body 
reaction with relatively few polymorpho- 
nuclear leukocytes, in contrast to a more 
intense inflammatory response character- 
ized by many polymorphonuclear leuko- 
cytes following the use of hytrast. Crystal- 
line-inclusion pneumonia has been reported 
following | experimental — bronchography 
with hytrast in dogs," and we also found 
evidence of this tvpe of reaction in the 
resected specimens following bronchogra- 
phy with hytrast in rabbits and in man. 
Barium sulfate clearly does not produce the 
intense acute inflammatory response seen 
following the use of hytrast. Although 
barium sulfate can remain in the lung 
parenchyma of man for varving periods of 
time, we were unable to find anv evidence of 
fibrosis in the resected specimens in such 
cases. 


DESIRABLE CHARACTERISTICS OF 
BARIUM SULFATE 


The advantages of using barium in pa- 
tients with allergies to iodine are obvious. 
We have performed bronchographv with 
barium sulfate on several patients who 
were dangerously sensitive to iodine, and 
the information gained has been of great 
value in the clinical handling of these pa- 
tients who would not have had the benefit 
of bronchography were it not for the fact 
that a noniodinated contrast medium was 
available. 

During the past decade there has been an 
increasing tendencv to use the radioactive 
isotopes of iodine in clinical diagnostic 
medicine.” Bronchography with barium 
sulfate, rather than with an iodinated com- 
pound, precludes any interference or delay 
with the use of the isotopes for diagnostic 
purposes. 

The roentgenographic densitv of the 
barium suspension equals that of the best 
iodinated compounds, and the viscosity and 
flow characteristics of our medium and 
steripaque-BR are ideal for preventing 
alveolization in most patients. Barium 
sulfate suspensions of the viscosity used by 
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TABLE V 


CHANGES IN LUNG SPECIMENS OF I4 
WHO HAD HYTRAST BRONCHOGRAPHIES 
PRIOR TO RESECTION 


HISTOLOGIC 
PATIENTS 





Interval be- 
tween Bron- | No. of 
chography and Patients 
Resection | 


Microscopic Changes At- 
tributed to Hytrast 








7 specimens with hytrast 
particles, associated with 
intense neutrophilic pneu- 
monia 


I da.-5 da. I4 





3 specimens with hytrast 
particles, associated with 
moderate neutrophilic 
pneumonia 


I specimen with hytrast 
| particles, associated with 








moderate neutrophilic 
pneumonia and macro- 
phages 








us at 82° F. (Fig. 11) are also less likely to 
pass into the alveoli than is dionosil oily, 
which is less viscid (1,400 cps). The barium 
sulfate suspension also has favorable physi- 
cal properties which cause it to mix with 
intrabronchial secretions, in contrast to the 
oily media. It also has excellent adherent 
qualities which result in satisfactory coating 
of the bronchial mucosa. Although steri- 
paque-BR is less viscid than our own mix- 
ture, we have not noted that it alveolizes 
more than our own mixture. 

Any bronchographic abnormality which 
can be shown by an iodinated medium can 
be equally well shown by the barium sulfate 
suspension. Jn addition, barium sulfate can 
help to differentiate between infected and 
noninfected cavities as mentioned previ- 
ously. Barium sulfate, being inert, does not 
cause any deleterious effect upon diseased 
lung; e.g., tuberculosis. Although we admit 
that the question of the effect of iodine 
upon pulmonary tuberculosis is controver- 
sial, it is still a source of worry to many 
tuberculosis specialists. This potential dan- 
ger 1s nonexistent when barium sulfate is 
employed. 
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SUMMARY 


Our experimental and clinical studies 
using an aqueous barium sulfate suspension 
and dionosil oily as bronchographic con- 
trast media have shown the following: 

I. Barium sulfate is roentgenographi- 
callv equal to anv available bronchographic 
medium. 

2. Barium sulfate will produce foreign 
bodv granulomata, as do other contrast 
media and/or their vehicles. 

3. We have not seen fibrosis as a late 
effect following the use of barium sulfate or 
dionosil oily. 

4. The physiologic reactions following 
barium sulfate bronchography are more 
benign than those following dionosil oily 
bronchography and considerably more be- 
nign than those associated with the use of 
hytrast. 
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5. Follow-up roentgenologic studies 
show that the barium sulfate will be com- 
pletely eliminated in a vear or less in the 
majority of patients. 

6. Barium sulfate deposits may occasion- 
ally remain in the lungs for long periods of 
time, but without any apparent significant 
ill effects. 

7. The use of barium sulfate as a bron- 
chographic medium precludes the hazard of 
iodine sensitivity reactions. 

8. The use of barium sulfate as a bron- 
chographic medium does not interfere with 
diagnostic clinical tests which utilize the 
recently developed newer radioactive 1so- 
topes of iodine. 

g. Barium sulfate can be of great value 
in identifying infected cavities because of 
the radiopaque "wall sign" due to the 
phagocytosis of the barium by the many 


VISCOSITIES OF VARIOUS BRONCHOGRAPHIC MEDIA 
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macrophages lining the wall of the infected 
cavity. 


CONCLUSION 


Experimental animal work and clinical 
investigation of the use of a barium sulfate 
suspension in bronchography has provided 
information showing that it has some favor- 
able characteristics and certain advantages 
over the iodinated media. Barium sulfate is 
the safest of all bronchographic media 
available because of its inertness. It does 
not threaten life (there is no danger of 
anaphylaxis or iodism). It does not cause 
fibrosis. There are few acute physiologic 
responses. It is capable of differentiation 
between an ulcerated (infected) and a non- 
ulcerated cavity. The resultant broncho- 
grams are of excellent roentgenographic 
quality. In some instances, the barium 
sulfate remains in the lungs for long periods 
of time but without any apparent deleteri- 
ous effect on the patient. Continuing efforts 
will be necessary to develop the ideal bron- 
chographic contrast medium. 


Sidney W. Nelson, M.D. 
Department of Radiology 

The Ohio State University Hospital 
410 West 1oth Avenue 

Columbus 10, Ohio 
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A SIUDY OF THE CLINICAL AND PATHOLOGIC 
REACIION TO THE BRONCHOGRAPHIC 
AGENT HYTRAST* 


By JOHN P. LIGHT, M.D., and WALTER F. OSTER, M.D. 


BALTIMORE, MARYLAND 


CLINICAL study of patients under- 

going hytrast bronchographv at the 
University of Maryland Hospital between 
March, 1962 and November, 1963 was 
undertaken to determine if there were any 
adverse reactions to this agent. This study 
was complemented by a toxicity experi- 
ment in rabbits using hytrast. 

In the clinical study 75 patients, ranging 
in age from 5 months to 75 years, were 
followed for at least 2 months after their 
bronchographies. The bronchograms were 
reviewed for roentgenographic adequacy of 
detail and alveolarization of contrast mate- 
rial. The patients were followed closely 
during the postbronchographic period. Fol- 
low-up chest studies were obtained on 
approximately one-half of the patients to 
determine the duration of visible residual 
contrast material in the lungs. Subsequent 
pulmonary surgery was carried out on 15 of 
the clinical group, and pathologic studies 
were performed on all of the surgical speci- 
mens. 


ANIMAL STUDIES 


In the complementary experimental ani- 
mal study, 24 rabbits weighing approxi- 
mately 2 kg. each were divided into three 
equal groups. One group of 8 rabbits re- 
ceived an intratracheal instillation of 0.3 cc. 
of hytrast/kg. of body weight which corre- 
sponds to the average amount usually re- 
quired for bilateral bronchography in hu- 
mans. A second group of rabbits received 
0.9 cc. of hytrast/kg. of body weight, and 
the third group was used as controls. An 
attempt was made originally to give a 
group of rabbits an amount of hytrast 


considered 5 times the average amount 
required for an adequate human broncho- 
gram; however, the animals all died of 
ventilatory insufficiency in the immediate 
postbronchographic period. The animals in 
the control group underwent identical pro- 
cedures, excluding actual injection of con- 
trast material. Anesthesia was accom- 
plished by using 50 mg. of nembutal/kg. 
intravenously. Utilizing aseptic technique, 
the trachea was exposed below the cricoid 
cartilage, and the calculated amount of 
hytrast was injected slowly intratracheally. 
By this technique adequate bronchograms 
were obtained in the majority of the ani- 
mals (Fig. 1). Chest roentgenograms were 
then taken to determine the distribution of 
the contrast material. Two animals from 
each group were sacrificed by rapid intra- 
venous injection of nembutal, 2 days, 7 
days, 21 days and 60 days following bron- 
chography. The lungs were examined 
grossly, inflated with 10 per cent formalin, 
and parathn sections were prepared and 
stained with hematoxylin and eosin. 

The gross pathologic examination of the 
lungs of animals sacrificed after 2 and 7 
days revealed diffuse whitish nodules, later 
shown to consist of hytrast and inflamma- 
tory cells throughout the parenchyma. No 
gross abnormalities were seen in the ani- 
mals sacrificed after 21 and 60 days. Micro- 
scopic examination of the lung tissue of 
rabbits given hytrast in general revealed 
varying amounts of extracellular or intra- 
cellular birefringent crystals. These crystals 
were morphologically identical to those 
present in the hytrast suspension. No crys- 
tals were seen in any of the control animals. 


* Hytrast (3,5-Diiodopyridone-4 30.5% w/v, N-(2,3-propyldiol)-3, $- Ditodopyridone-4 46.0% w/v, sodium carboxymethylcellulose, 


methyl and propyl parabens, monosodium phosphate and water) 


Experimental material supplied by courtesy of E. G. Fougera & Co., Hicksville, Long Island, New York. 
From the Departments of Radiology and Pathology, University Hospital, Baltimore, Maryland. 


615 


616 





hytrast 


lic. 1. Rabbit bronchogram using 0.3 cc. 
per kg. of body weight. 


The foreign material varied from large ir- 
regular greenish-yellow, birefringent crys- 
tals to smaller irregular birefringent frag- 
ments. No differences were noted between 
intracellular or extracellular crystals. 

In the animals sacrificed 2 days after 
receiving 0.3 cc./kg. of hvtrast, large irreg- 
ular refractile crystals were found in the 
alveolar spaces and bronchioles associated 
with a prominent cellular response, consist- 
ing predominantly of polymorphonuclear 
leukocytes and some macrophages. In some 
foci amphophilic cellular debris were noted 
in the alveolar spaces. Phagocytosis of crys- 
tals was not apparent. Those animals re- 
ceiving 0.9 cc./ kg. of hytrast showed similar 
but more extensive changes (Fig. 2). 

In rabbits examined 7 days after hytrast 
instillation the changes in animals receiving 
the 0.3 cc./kg. and 0.9 cc./kg. dosages were 
similar but more extensive in the latter 
group. Some crystals still appeared free in 
the alveolar spaces and bronchioles and 
some were surrounded by or in macro- 
phages and giant cells of the foreign body 
type (Fig. 3). Many of the macrophages 
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appeared vacuolated. Focal proliferation of 
alveolar lining cells in the areas of crvstals 
was apparent. In some regions, a pneumo- 
nia-like picture was present as evidenced bv 
numerous polymorphonuclear leukocytes, 
eosinophilic debris, pink staining proteina- 
ceous material suggesting edema fluid, and 
vascular congestion. In these areas there 
were some foci of scattered birefringent 
crystalline material. 

In the animals sacrificed at 21 days, the 
cellular response of the group receiving 0.3 
cc./kg. consisted predominantly of foci of 
macrophages and occasional foreign body 
giant cells. The crystalline material was 
present as small fragments in some of these 
cells. Some focal thickening of alveolar 
walls was noted (Fig. 4). In the 0.9 cc./kg. 
group, the residual crystalline material was 
more evident and the response was more 
extensive. Macrophages and foreign body 
giant cells were associated with the crystal 
fragments. Focal proliferation of alveolar 
lining cells almost obliterated the alveolar 





Frc. 2. Rabbit lung 48 hours after hytrast bronchog- 
raphy showing alveoli with numerous crystals, 
macrophages and scattered polymorphonuclear 
leukocytes (H & E, X 260). 
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spaces in some areas. Acicular clefts were 
apparent at times in a radiating floral pat- 
tern in some giant cells, and again many 
foamy macrophages were seen (Lig. 5). 
Smaller sized crystals in, and associated 
with, macrophages and occasionally giant 
cells were present in some bronchioles as in 
the preceding groups. 

In the 60 day group, the lungs of animals 
given 0.3 cc./kg. of hytrast contained occa- 
sional focal collections of macrophages with 
small irregular cytoplasmic fragments and 
scattered foci of proliferations of alveolar 
lining cells. Some small irregular fragments 
could also be seen in the peribronchial 
lymphatics. Animals receiving 0.9 cc./kg. 
showed similar but more numerous foci and 
some giant cells with crystalline debris were 
still present (Fig. 6). Again, small frag- 
ments of crvstalline material could be iden- 
tified in some of the peribronchial lymphat- 
ICs. 

None of the described histologic changes 
as seen in the animals undergoing hvtrast 





Fic. 3. Rabbit lung 7 days after hytrast bronchog- 
raphy showing birefringent crystalline. material 
associated with or phagocytized by macrophages 
in alveolar spaces (H & E, partially crossed polar- 
oids, X 380). 


Reaction to Hytrast 





Fic. 4. Rabbit lung 21 days after mene bronchog- 
raphy showing giant cells with phagocytized 
crystals and focal proliferation of alveolar lining 
cells (H & E, X 380). 





Fic. 5. Rabbit lung 21 days after hytrast bronchog- 
raphy showing numerous foamy macrophages, 
crystalline material and focal proliferation of al- 
veolar lining cells (H & E, X 380). 





ic. 6. Rabbit lung 60 days after hytrast bronchog- 
raphy showing macrophages and giant cells with 
phagocytized crystalline debris and focal pro- 
liferation of alveolar lining cells (H & E, X 400). 


bronchography were seen in anv of the 
control groups of animals. Table 1 1s a sum- 
mary of the cellular reaction in rabbits 
given hvtrast. 


TALE: I 


CELLULAR RESPONSE TO HYTRAST IN RABBITS* 


2 7 21 60 
Days Days Days Days 


Polymorphonuclear Leukocytes XXXX XXX X 


Cellular Degeneration XXX XX 
Crystals (free) RES XX 
Macrophages XXX XXXX XX X 
with large crystals X RK XX 
with crystal fragments XE “KER AK 
foamy X XXe XX 
Foreign Type Giant Cells x xx. Xx 
with large crystals X M < 
with crystal fragments ius Copes "ow 
with clefts X 
Alveolar Lining Cell 
Hyperplasia X XXX- Xxx 


Crystals in Lymphatics 

* The response was qualitatively similar in the 0.3 
cc./kg. and 0.9 cc./kg. groups but quantitatively the 
response was less with the small dosage. 
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STUDIES IN HUMAN PATIENTS 


In the clinical study, hytrast was used as 
contrast material in 75 consecutive bron- 
chographies. The patients received 100 
mg. of nembutal and 0.4 mg. of atropine 
approximately 1 hour before the study. 
Local anesthesia was accomplished by 
spraying the pharynx and larynx with 5 per 
cent cyclaine. A rubber catheter was in- 
serted transnasally through the larynx into 
the trachea, and anesthesia of the bronchial 
mucosa was accomplished by injecting 2 cc. 
of cyclaine/lung. The study was then com- 
pleted by injecting hytrast manually under 
Huoroscopic control into the lobar bronchi. 
The amount of hytrast used varied slightly, 
but the average amount utilized to obtain a 
good bilateral study was from 0.25-0.30 
cc./kg. body weight. No attempt was made 
to aspirate the contrast material following 
bronchographv. 

There was a total of 75 patients whose 
ages ranged from 5 months to 74 years. The 
group included 34 females and 41 males. 


Fic. 7. Lobectomy specimen from patient C.G. 2 
days after hytrast bronchography showing numer- 
ous birefringent crystals and macrophages with 
phagocytosis of crystalline material apparent in a 
few (H & E, partially crossed polaroids, X 380). 
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The clinical indications for bronchography 
were chronic cough (27 per cent), hemopty- 
sis (24 per cent), unresolved pneumonia 
(16 per cent), abnormal chest roentgeno- 
grams (12 per cent), and a variety of miscel- 
laneous pulmonary problems (21 per cent). 
The most common diagnoses were bronchi- 
ectasis (23 per cent) and chronic bronchitis 
(21 per cent). Normal bronchograms were 
noted in 17 cases (23 per cent). Bilateral 
studies were carried out in 65 per cent of the 
cases. Moderate to marked roentgeno- 
graphic alveolarization was noted in 28 per 
cent and slight alveolarization was seen in 
24 per cent. The patients were followed 
closely after bronchography and 56 (75 per 
cent) were noted to have no complications. 
There were 2 patients who had reactions 
attributed to the local anesthetic at the 
time of their study. Moderate temperature 
elevations for 1 or 2 days were seen in 15 
patients (20 per cent). There is apparently 
no relationship between this febrile re- 
sponse and the underlying pathologic proc- 
ess since postbronchographic temperature 
elevations occurred with equal frequency in 
patients. with bronchitis, bronchiectasis, 
and normal bronchographic studies. This 
febrile response could not be related to 
alveolarization because postbronchographic 
fever was noted with equal frequencv in 
patients with alveolarization and those 
without alveolarization. Two patients de- 
veloped severe bronchopneumonia 1 day 
after bronchography. A summary of the 
clinical courses of these 2 patients follows. 


REPORT OF CASES 


Case 1. J.E.M., a 66 year old white male, was 
admitted to University Hospital with a chief 
complaint of hemoptysis. The patient gave a 
history of several episodes of hemoptysis over 
the past § years and also a history of chronic 
cough. On the day of admission, bronchoscopy 
revealed bright red blood streaking in the left 
main stem bronchus; otherwise, this examina- 
tion was negative. Routine laboratory studies 
were normal. Chest roentgenograms showed 
changes compatible with pulmonary emphy- 
sema. On the fourth day of hospitalization, 
bilateral bronchography using hytrast as con- 
trast material was done which revealed changes 


Reaction to Hytrast 





Fic. 8. Lobectomy specimen from patient IET 
days after hytrast bronchography showing macro- 
phages and giant cells with phagocytized crystal- 
line material and focal proliferations of alveolar 
lining cells (H & E, X 380). 


of chronic bronchitis. There was slight bilateral 
alveolarization. The patient apparently toler- 
ated the procedure well, and nothing abnormal 
was noted in the immediate postbroncho- 
graphic period; however, 8 hours after bron- 
chography, he experienced chills, 15 hours later 
he had an oral temperature of 104° F., and 
20 hours later he had a drop in blood pressure 
from 160/go to 80/60 mm. Hg. A sputum cul- 
ture revealed a heavy growth of Proteus. A 
chest roentgenogram with the mobileunit showed 
marked bilateral bronchopneumonia. The pa- 
tient was treated with antibiotics, vasopressors 
and intravenous fluids. Bronchoscopy was re- 
peated 2 days after bronchography because of 
the question of acute airway obstruction, and 
at this time, a moderate amount of contrast 
material was aspirated from the bronchi. Later, 
on this second postbronchographic dav, the 
patient became normotensive and on the 
fourth day, he was afebrile. Collections of con- 
trast material were noted on chest roentgeno- 
grams in the mid-zone of both lungs for 10 
weeks. The patient has been followed closely 
since discharge from the hospital and is doing 
well. 
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SUMMARY OF FINDINGS IN 4 OF I5 PATIENTS HAVING HYTRAST BRONCHOGRAPHIES AND SUBSEQUENT SURGERY 

















Patient, Age, Sex CG 37E U.F., 44F J.H., 41F 





J.G., 38M 


Diagnosis lung abscess bronchiectasis multiple lung bronchiectasis 
abscesses 

Time Interval between 2 days 11 days 12 days Ist 40 days 

Bronchography and 2nd 37 days 

Surgery 

Temperature Peak First 101.8°F. 100.8?F. 101.5°F. 103°F. 

24 Hours after Bron- 

chography 

Roentgenographic none moderate amount moderate amount none 

Alveolarization bilaterally bilaterally 

Microscopic free crystals in crystals present in crystals present in. numerous crystals 

Appearance alveolar spaces and or surrounded by or surrounded by in or surrounded by 


bronchioles with 
numerous macro- 
phages and poly- 
morphonuclears 
and vascular con- 
gestion (Fig. 7) 


macrophages and 
foreign body giant 
cells in alveoli and 
bronchioles; pro- 
liferation of al- 
veolar wall lining 
cells in these areas; 


macrophages and 
foreign body giant 
cells with prolifer- 
ation of alveolar 
wall lining cells 
and some foci of 
amphophilic de- 
bris; foamy macro- 


macrophages and 
occasional foreign 
body giant cells 
which contained 
crystals; foci of 
alveolar wall pro- 
liferation and 
thickening of alveo- 


foamy macro- 
phages present phages present 


lar walls (Fig. 8) 








was performed using another bronchographic 
agent and this also revealed changes of chronic 
bronchitis. The patient tolerated the second 
bronchography well. The lungs were clear in 3 
days, and she was discharged from the hospital 
with no further complications. 


Case 11. E.S., a 7o year old white female, was 
admitted to the University Hospital with a chief 
complaint of hemoptysis and chronic cough. On 
the first day of hospitalization, bronchoscopy 
revealed slight, bright red streaking in the 
right main stem bronchus, mucosal changes of 
chronic bronchitis, but no other abnormalities. 
Numerous sputum studies for cells and tubercu- 
lous organisms were negative, and peripheral 
blood studies were normal. On the fifth day, 
right-sided bronchography utilizing hytrast re- 
vealed changes of chronic bronchitis. There was 
sight alveolarization of contrast material on 
this study. Several hours after bronchography, 
her oral temperature rose to 102° F. and she 
was treated with antibiotics and intravenous 
fluids. A chest roentgenogram the day after 
bronchography revealed extensive right upper 
and right lower lobe bronchopneumonia with 
marked retention of contrast material. The 
pneumonia gradually subsided, and on the 
eleventh hospital day both lungs were clear. 
On the thirteenth day, left sided bronchography 


Follow-up chest roentgenograms were 
made in 40 patients and revealed the lungs 
to be clear of contrast material after 2 days 
in 17, between 3 to 7 days in 18, still present 
after 1 month in 2, and present after 2 
months in 3 patients. 

Fifteen of the 75 patients having hytrast 
bronchography underwent subsequent pul- 
monary surgery consisting of lobectomy 
(13) or pneumonectomy (2). The time in- 
terval between bronchography and surgery 
varied from 2 davs to 6 months. The resected 
lung tissue was studied microscopically to 
determine the cellular response to hytrast. 
An effort was made to avoid areas involved 
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by the primary pathologic process. In all 
the tissue examined, there was no evidence 
of necrosis directly associated with hytrast. 
In 11 of the cases, there were no micro- 
scopic changes seen that could be attributed 
to bronchography. In 4 of the patients, 
microscopic changes in the alveoli and 
bronchioles were seen that were similar to 
those noted in the experimental animal 
groups (Table 11). These changes included 
early polymorphonuclear leukocyte reac- 
tion, later foreign body giant cell appear- 
ance, and, in several instances, proliferation 
of alveolar lining cells. In these patients, 
birefringent crystalline material was pres- 
ent similar to that found experimentally. 
The foreign material was usually sur- 
rounded by, or in, macrophages and giant 
cells. The histologic changes varied with 
the interval of time between bronchography 
and surgery, and this temporal relationship 
was analogous to that demonstrated in the 
experimental animals. 


DISCUSSION 


Reports concerning the use of hytrast are 
in general agreement that bronchograms of 
excellent technical qualitv can be obtained 
with this contrast material. A mild to mod- 
erate temperature elevation during the first 
or second postbronchographic day is seen in 
approximately 20 per cent of patients: 
Mounts and Molnar* 26/160 or 16 per cent; 
Gildenhorn eż al. 16/57 or 28 per cent; 
Le Roux and Duncan? 12/50 or 24 per cent; 
the present study 15/75 or 20 per cent. A 
similar or higher incidence of postbroncho- 
graphic pyrexia 1s seen with other broncho- 
graphic media." This febrile response could 
not be related directly to alveolarization of 
contrast material. 

Alveolarization apparently is not related 
to the underlying disease process nor to 
coughing during bronchography. There is a 
direct relationship of alveolarization to the 
viscosity of the bronchographic medium. If 
hytrast is not well-mixed, more alveolariza- 
tion will be seen. Bronchial flooding will be 
seen if excessive amounts of hvtrast are 
used. The cellular response will be more 
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intensive 1f more than the recommended 
amount (0.3 cc./kg.) of hytrast 1s used for 
bronchography. 

Bronchopneumonia has been reported 
following hytrast bronchography: 2/18 (11 
per cent) by Rayl and Spjut’: 2/160 (1.3 
per cent) by Mounts and Molnar‘; 2/74 
(2.6 per cent) in the present studv; none in 
the 57 cases of Gildenhorn e a/.,! nor in the 
so cases of Le Roux and Duncan.’ In a 
review of the case histories of the patients 
who developed postbronchographic pneu- 
monia, there appeared no apparent single 
underlyi ing etiologic factor. 

Previous reports have not dealt with the 
response to hvtrast on a cellular level, nor 
with the elimination of this contrast mate- 
rial from the lungs. There appears to be a 
similar cellular response and a similar proc- 
ess of elimination of hytrast in the experi- 
mental animal and in the human. The cellu- 
lar response in the experimental animal 
group receiving hytrast was comparable to 
that seen in the 4 clinical cases summarized 
in Table 11. The animal group receiving 0.9 
cc./kg. of hytrast had a more intensive 
reaction than the group receiving 0.3 
cc./kg., although the response was similar. 
The acute cellular reaction consists of nu- 
merous polymorphonuclear leukocytes and 
some macrophages. The crystals are then 
phagocytized by macrophages and foreign 
body giant cells and ultimately become 
reduced to smaller fragments. Some of these 
fragments are still present experimentally 
at 2 months. Cellular debris appear to be a 
product of macrophage degeneration. It is 
probable that macrophage migration 
toward the larger air passages results in 
eventual removal of the crystalline mate- 
rial by expectoration. In addition, small 
crystalline fragments are occasionally 
found in the peribronchial lymphatics. 
Focal alveolar wall proliferation and thick- 
ening were seen in the human and experi- 
mental animal lungs in approximately I or 
2 weeks and persisted throughout the pe- 
riod of study. The cellular response to hy- 
trast is almost identical to that demon- 
strated by Nelson eż al. using barium sul- 
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fate suspended in normal saline as broncho- 
graphic contrast material in rabbits and in 
humans. 

The general response of the lung to hy- 
trast demonstrated in both humans and 
rabbits in this study is somewhat at vari- 
ance with that described recently by Rayl 
and Spjut.? Utilizing dogs as the experi- 
mental animals, these authors were unable 
to detect intracellular crystals, a foreign 
body reaction, or crystalline material 
within peribronchial lymphatics. They 
speculate that the mode of elimination of 
hytrast crystals is through absorption by 
body fluids, in contradistinction to the 
phagocytic process apparent in rabbits as 
well as humans. 


CONCLUSION 


1. Bronchograms of good technical qual- 
ity can be obtained by using hytrast. 


2. This contrast material is not innocu- 
ous; in the postbronchographic period, 
fever occurred in 20 per cent of cases and 
severe bronchopneumonia in 2 instances. 


3. The response to hytrast on a cellular 
level is characterized by the early appear- 
ance of polymorphonuclear leukocytes, 
later fragmentation and phagocytosis of 
crystals by macrophages and giant cells 
with eventual removal by expectoration or 
elimination via lymphatics. 

4. The cellular reaction appears to be 
stimulated by the physical presence of 
hytrast crystals and is similar to the cellu- 


John P. Light and Walter F. Oster 


SEPTEMBER, 1964 


lar response in lung tissue secondary to the 
presence of barium sulfate particles. 


John P. Light, M.D. 
Department of Radiology 
University Hospital 
Baltimore 1, Maryland 
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ROENTGENOGRAPHIC FEATURES OF CONGENITAL 
CORRECTED TRANSPOSITION OF THE 
GREAT VESSELS* 

A COMPARATIVE STUDY OF 33 CASES WITH A ROENTGENO- 
GRAPHIC CLASSIFICATION BASED ON THE ASSOCIATED 
MALFORMATIONS AND HEMODYNAMIC STATES 


By LEWIS S. CAREY, M.D., and HERBERT D. RUTTENBERG, M.D. 


ST. PAUL, MINNESOTA 


NDERSON and associates! were the 
first to stress the roentgenographic 

and angiocardiographic features in the 
diagnosis of congenital corrected transposi- 
tion of the great vessels. Although addi- 
tional studies? ^? 5 have added more radio- 
logic information on the subject, none of 
these investigators has attempted an exten- 
sive roentgenographic differentiation. of 
corrected transposition based on the asso- 
ciated malformations and hemodynamic 
states. Furthermore, in only 3 studies,**? 
were cases of corrected transposition (with 
two functioning ventricles) separated from 
those similar cases of common ventricle 
with inversion of the infundibulum and 
transposition of the great vessels. Anderson 
et al. had called the latter condition "'cor- 
rected transposition with rudimentary left 
ventricle’ and they included these cases in 
their description of corrected transposition. 
With the recent advances in cardiac sur- 
gery, it has become extremely important to 
recognize cases of corrected transposition 
and define those inoperable cases which are 
similar clinically to corrected transposition 
but in which there is no ventricular septum. 
Moreover, every available diagnostic 
means should be emploved to accurately 
assess the associated malformation and 
hemodynamic states in cases of corrected 
transposition. In our experience, roentgeno- 
logic studies, especially angiocardiography, 


have proved to be a most valuable diagnos- 
tic procedure in these conditions. 

In view of this, it seemed appropriate to 
present a review of the roentgenographic 
features in 33 cases of corrected transposi- 
tion and 20 cases of common ventricle with 
infundibular inversion and transposition 
(common ventricle with inversion). A clas- 
sification 1s presented which is based on the 
associated malformations and hemody- 
namic states. This approach, hopefully, will 
allow a more accurate assessment of the 
anatomic and physiologic states found in 
cases of corrected transposition and allow 
for the recognition of the inoperable case 
with no ventricular septum from the opera- 
ble case with corrected transposition. 

The roentgenographic features in 33 
patients with corrected transposition are 
presented in this paper, while those features 
in 20 patients with common ventricle and 
infundibular inversion are presented in an 
accompanying paper. 


PATHOLOGIC ANATOMY AND 
DEFINITION OF TERMS 
The two primary features of corrected 
transposition are transposition of the great 
vessels and anatomic inversion of the ven- 
tricles. The aorta is transposed anteriorly 
and arises from the arterial ventricle while 
the pulmonary trunk arises posteriorly 
from the right-sided venous ventricle. 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 


1963. 
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Hemodynamically, this situation is normal. 

As a result of this arrangement, systemic 
venous blood enters an anatomically nor- 
mal right atrium and passes through a 
bicuspid (“mitral”) right atrioventricular 
valve into the right-sided ventricle. This 
chamber has the anatomic characteristics 
of a left ventricle since it lacks a crista 
supraventricularis and is smooth-walled 
(Fig. 17, 4, B and C; and 18). Venous blood 
is then ejected from this chamber into a 
posterior pulmonary trunk. Fully saturated 
pulmonarv venous blood returns to the 
anatomically normal left atrium, passes 
through a tricuspid left atrioventricular 
valve into the left-sided ventricle which has 
the anatomic characteristics of a right 
ventricle. This chamber is highly trabecu- 
lated and possesses an infundibulum which 
is located at the left basal aspect of the 
heart (Fig. 17, 4, B and C). The arterial 
blood passes into a transposed aorta which 
arises anteriorly from the infundibulum 
and to the left of the pulmonary trunk. The 
aortic valve is located in a more superior 
horizontal body plane than the pulmonary 
valve (Fig. 17, 4, B and C). This is the 
reverse of the normal situation. 

Because there is anatomic inversion of 
the atrioventricular valves and ventricles, 
the names by which these structures are 
called are frequently confusing. For ex- 
ample, some call the right-sided venous 
ventricle the “left ventricle” because of its 
internal anatomic architecture. Since, how- 
ever, corrected transposition may occur in 
situs inversus, this terminology may be 
confusing. The same source for confusion is 
found in the use of the terms "mitral" and 
“tricuspid” in referring to the atrioventric- 
ular valves. Less confusing is the use of 
terms which describe the location of the 
chamber or valve (left-sided or right-sided) 
and its hemodvnamic function (venous or 
arterial). 

The coronary arterial distribution is also 
transposed and inverted. The right-sided 
coronary artery originates above the right 
aortic sinus and gives rise to the anterior 
descending branch which runs in the inter- 
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ventricular groove. The left-sided coronary 
artery arises above the posterior aortic 
cusp. The left aortic sinus 1s noncoronary. 

Dexirocardia is frequently associated 
with corrected transposition. This mav be 
in the form of situs inversus, or this may 
represent dextroversion of the ventricles. 
Under these circumstances, the angiocardi- 
ographic anatomy differs from that de- 
scribed in the situs solitus heart. The differ- 
ences between these two forms of dextro- 
cardia are described in detail below. 

Dextroversion as used here indicates that 
the cardiac apex 1s in a right-sided position 
while the atria are correctly positioned. 
There is version or rotation of the ventricles 
to the right. This condition 1s sometimes 
known as zsolated dextrocardia or dextrorota- 
tion. When it occurs with corrected trans- 
position, the great vessels arise in a similar 
manner as 1n corrected transposition in the 
situs solitus heart. 

When corrected transposition of the 
great vessels occurs with mirror-image dex- 
trocardia (situs inversus), the right-sided 
ventricle is the arterial ventricle and the 
left-sided ventricle is the venous chamber. 
Ventricular inversion with mirror image 
dextrocardia yields an infundibulum in the 
right-sided ventricle, which is the arterial 
ventricle. The left-sided venous ventricle is 
smooth-walled and does not possess a crista 
supraventricularis. The aorta arises anteri- 
orly above the right basal aspect of the 
ventricular portion of the heart, and the 
pulmonary trunk arises posteriorly and to 
the left of the aorta. 

Very occasionally, corrected transposi- 
tion occurs with situs inversus of the heart 
and levoversion of the ventricles. In this 
situation, the cardiac apex is left-sided and 
the cardiovascular silhouette usually ap- 
pears normally placed. In other words, 
levoversion with situs inversus of the car- 
diac chambers is the mirror-image counter- 
partof dextroversion with situs solitus heart. 


MATERIAL 


The clinical and necropsy data in 33 
patients with corrected transposition stud- 
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ied at the University of Minnesota Hospi- 
tals were reviewed. 

Diagnostic procedures included cardiac 
catheterization in 28 and angiocardiogra- 
phy in 32. In addition, surgical exploration 
or cardiac surgery was performed in 16 
cases. Twelve cases were restudied at 
necropsy. 

Thirty-one patients were in the pediatric 
age group (ages 3 days to 16 vears) while 
one was an adult 19 years old. 


ROENTGENOGRAPHIC CLASSIFICATION OF 
CORRECTED TRANSPOSITION AND 
COMMON VENTRICLE WITH 
INVERSION OF THE 
INFUNDIBULUM 


The classification of corrected transposi- 
tion used by the authors is based upon 
anatomic and functional considerations. 
Included in this classification, for purposes 
of comparison, are those cases of a common 
ventricle with inversion of the infundibu- 
lum which clinically and roentgenographi- 
cally are usually similar to and sometimes 
identical to cases of corrected transposition 
but which are readily distinguishable by 
angiocardiography. The results of the study 
in this and the accompanying paper will be 
presented according to the following classi- 
fication: 


Group I. Levocardia (cardiac apex on left) 


A. Situs Solitus 


1. Left to right shunt (increased 

pulmonary vasculature) 

a. Corrected transposition with 
ventricular septal defect 

b. Common ventricle with inver- 
sion of infundibulum and no 
significant pulmonary obstruc- 
tion 


t3 


Right to left shunt (decreased or 

normal pulmonary vasculature) 

a. Corrected transposition with 
ventricular septal defect and 
pulmonary obstruction 

b. Common ventricle with inver- 


Congenital Corrected Transposition of the Great Vessels 
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sion of infundibulum and pul- 
monary obstruction 
3. Isolated pulmonary obstruction 


B. Levoversion (with situs inversus) 


Group IT. Dextrocardia (cardiac apex on 
right) 


A. Mirror image dextrocardia 
I. Left to right shunt (increased 

pulmonary vasculature) 

a. Corrected transposition with 
ventricular septal defect 

Right to left shunt (decreased 

or normal pulmonary vasculature) 

a. Corrected transposition with 
ventricular septal defect and 
pulmonary obstruction 

3. Pulmonarv obstruction 


to 


B. Dextroversion 
1. Right to left shunt 
a. Corrected transposition with 
ventricular defect and pulmo- 
nary obstruction 
. Left to right shunt (increased 
pulmonary vasculature) 
a. Corrected transposition 
ventricular septal defect 
Isolated pulmonary obstruction 
4. Insufficiency of the aortic and left 
atrioventricular valves 
c. No associated defect 


L2 


with 


a 
—À 
* 


RESULTS 
GROUP I, A. LEVOCARDIA WITH SITUS SOLITUS 
I. Left to right shunt. 


a. Corrected transposition with ventricular 
septal defect (12 patients). Mild clinical 
cyanosis was present in 4 cases. The left to 
right shunt was small in 4 cases (D.K., 
W.F., M.B. and K.H.) and moderate to 
marked in 8. 

Frontal roentgenograms of the thorax (Fig. 
1, 4-K) showed cardiomegaly in every 
case; 1t was mild in I, moderate in 7 and 
moderate to marked in 4 patients. In fron- 
tal view, the left margin of the cardiac 
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silhouette* was quite similar in 7 cases and 
was characterized by a convex prominence 
at its mid and upper portion and a gentle 
concavity in the expected location of the 
pulmonary trunk. 

Six patients showed no obvious promi- 
nence of the upper left margin of the cardio- 
vascular silhouette* which could be attrib- 
uted to the ascending aorta. In the remain- 
ing 6 patients, there was some prominence 
in this area to suggest the presence of the 
ascending aorta; in 2 of these cases (B.B. 
and K.H.) after comparison of the roent- 
genograms with the angiocardiogram, the 
density in question could not be ascribed to 
the aorta. In 4 other cases (C.M., D.K., 
G.R. and P.V.) the density was the aorta. 
In only x case (G.R.), however, was the 
prominence of the upper left cardiovascular 
margin striking enough to definitely indi- 
cate the malposition of the ascending aorta. 
Occasionally, in the lateral views the ante- 
riorly positioned aorta was visible. 

One case (P.V.) with a large left to right 
shunt showed marked cardiomegaly, a 
striking increase in pulmonary vasculature 
and a mild bulge of the mid left heart bor- 
der (Fig. 1 L). Subsequent angiocardio- 
graphic studies (Fig. 5, 4, B, C and D) 
indicated that the prominence was caused 
by the underlying functioning arterial 
ventricle which was smaller than normal. 

The pulmonary vasculature was in- 
creased in all cases and was usually moder- 
ate to marked in degree. Àn unusual ap- 
pearance of the pulmonary vasculature on 
the right side was noted in 3 patients (Fig. 
2, 4 and C). The right hilus was unduly 
prominent and the enlarged central pulmo- 
nary vessels appeared to be elevated and 
mainly concentrated in the upper portion of 
the right hemithorax. 

Left atrial enlargement was present in 7 
patients. Obvious right atrial enlargement 
occurred in 3 patients. The presence of 
indentation deformities on the left lateral 
wall of the upper portion of the esophagus 


* A distinction is made between the cardiac silhouette and the 
cardiovascular silhouette; the latter includes the margin of density 
produced by the aorta, 
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was evaluated in Io patients. In only 3 of 
these, was there a compression deformity 
which conceivably was related to the me- 
dial position of the pulmonary artery (Fig. 
2 A; and 3 4). In the other cases there was 
either no deformity or an indentation de- 
formity was present superiorly, produced 
by compression by the distal aortic arch. 

Forward or selective angiocardiography 
from a ventricular chamber, usually the 
right-sided ventricle, was performed in each 
patient and readily showed the character- 
istic triangular configuration of the venous 
ventricle (Fig. 4, 4, C and E). Eight pa- 
tients showed minimal to moderate opacifi- 
cation of the aorta from the venous ven- 
tricle via the ventricular septal defect. It 
was uncommon to see early opacification of 
the entire arterial ventricle; the contrast 
material appeared to stream through the 
septal defect directly into the infundibulum 
and the aorta (Fig. 4 C). In these cases 
some indication for the presence of a nor- 
mal sized arterial ventricle was obtained by 
examination in the frontal views during the 
early venous phase. It was noted that a 
portion of the cardiac density on the left 
side, laterally and superior to the opacified 
venous ventricle, remained unopacified. 
Later, in the “levo” phase of the study, this 
area became opacified and the size and 
configuration of the arterial ventricle be- 
came obvious (Fig. 4, 4, B, E and F). In 
the majority of the 12 cases, the pulmonary: 
trunk was larger than the aorta. The plane 
of the aortic valve lay more cephalad than 
the pulmonary valve. 

In 2 of 3 patients with small left to right 
shunt, angiocardiograms showed no early 
opacification of either the aorta. or the 
arterial ventricle from, the venous side via 
the ventricular septal defect (Fig. 4, 4 and 
B). The remaining patient showed earlv 
minimal opacification of the aorta. 


2. Right to left shunt. 


a. Corrected transposition, ventricular sep- 
tal defect and pulmonary obstruction (6 pa- 
tients). Cyanosis was present in each case 
and was mild in 2. 
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FIG. 1. Series of frontal roentgenograms of the chest in 12 cases of corrected transposition showing variations 
in the configuration and size of the heart and the appearance of the pulmonary vasculature. 4. (C.B.) 
female, 3 months. B. (B.B.) female, 18 months; indentation on barium filled esophagus (arrow) caused by 


E 
distal pulmonary trunk and/or left pulmonary artery. C. (J. Kk.) male, 34 months. D. (D. K.) male, 2 years. 
E. (C.M.) female, 23 years. F. (K.H.) male, 5 months. G. (J. K.) male, 3 years. H. (W.F.) male, 7 years. 
I. (M.B.) male, 7 years. 7. (K.H.) female, 8 years. K. (G. Ro.) male, 8 years; indentation deformity on 
barium filled esophagus (arrow) caused by distal pulmonary trunk and/or left pulmonary artery. L. 


(P.V.) female, 19 years. 
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Fic. 2. 4, B, C, and D. Frontal roentgenograms of 
the thorax and accompanying frontal angiocardio- 
grams in 2 patients with corrected transposition; 
ventricular septal defect and left to right shunt 
showing the unusual appearance of the pulmonary 
vasculature in the right hemithorax. The central 
pulmonary vasculature on the right side 1s concen- 
trated mainly in the upper portion of the hemi- 
thorax. The right main pulmonary artery is tilted 
upward and the left main pulmonary artery tilted 
downward. Deformity of barium filled esophagus 
(arrow) caused by compression from distal pul- 
monary trunk is shown in 4. E. Forward frontal 
angiocardiogram showing displacement of superior 
vena cava (SVC) by medially positioned pulmon- 
ary trunk. RA— right atrium. 


Vor. 92, No.3 Congenital Corrected Transposition of the Great Vessels 629 





Fic. 3. 4. Frontal roentgenogram of thorax in patient (P.V.) with corrected transposition, large ventricular 
septal defect and left to right shunt, showing indentation on barium filled esophagus caused by compression 
of the distal portion of the medially positioned pulmonary trunk and/or left pulmonary artery. B. Same 
patient as in Æ. Selective frontal angiocardiogram from the venous ventricle (VV) showing enlarged, 
medially positioned pulmonary trunk (PT). The tip of the catheter (arrow) lies in the anterosuperior recess 
of the venous ventricle which, in this projection, is superimposed on the outflow tract. 

C. Forward angiocardiogram in a patient (A.A.) with corrected transposition, dextroversion, pulmonary 
stenosis and ventricular septal defect with right to left shunt, showing enlarged, vertically positioned 
ascending aorta (A). PT — pulmonary trunk. D. Same patient as in C. Spot roentgenogram taken during 
cardiac fluoroscopy and barium swallow showing the indentation deformity on the esophagus (black arrow) 
due to compression by the distal aortic arch. Series of white arrows point to the left lateral margin of the 
ascending aorta. 





(See legend on next page) 


Frontal roentgenograms of the thorax 
showed either a normal sized heart or mild 
cardiomegaly (Fig. 6, Æ-¥F). All patients 
showed attenuated pulmonary vasculature. 
The most striking roentgenologic feature in 
4 of the 6 patients was an obvious convex 
prominence of the upper left margin of the 
cardiovascular silhouette which represented 
the enlarged ascending aorta. The enlarge- 
ment of the aorta was marked in 2 patients 
with pulmonary atresia and also caused an 
unusual compression deformity on the 
barium filled esophagus (Fig. 6, E and F). 
One patient (N.L.) showed a convex nub- 
bin projecting from the left upper cardiac 
border produced by an enlarged aortic 
sinus. This patient, in addition, exhibited a 
right aortic arch. 

Forward or selective angiocardiography 
was performed in 6 patients and readily 
showed dense opacification of the enlarged 
aorta from the venous ventricle via the 
ventricular septal defect (Fig. 7, A-F). In 
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the 2 patients (B.L. and B.S.) with pulmo- 
nary atresia, the pulmonary vasculature 
filled through a patent ductus arteriosus. 


3. Corrected transposition with isolated pul- 
monary obstruction (3 patients). 


These cases were acyanotic. 

Frontal roentgenograms of the thorax (Fig. 
8, d-C) revealed the heart to be normal in 
one, slightly enlarged in another, and mod- 
erately enlarged in the remaining patient. 
The configuration of the heart in one of the 
patients (J.N.) was a little unusual and 
consistent with some type of transposition 
but there was nothing specific enough to 
suggest corrected transposition. None of 
the patients showed a prominent ascending 
aorta forming the left upper margin of the 
cardiovascular silhouette. One patient 
(J.K.) showed an indentation deformity on 
the barium filled esophagus which could be 
ascribed to pressure by the distal pulmo- 
nary trunk. The pulmonary vasculature in 


FIG. 4. Angiocardiographic features in patients with corrected transposition, ventricular septal defect and 


left to right shunt. 


4. Forward frontal angiocardiogram in patient (W.F.) with small left to right shunt during early phase 


of study showing characteristic triangular configuration of venous ventricle (VV) and medial positioned 
pulmonary trunk (PT). Unopacified area of cardiac density lying to the left of the venous ventricle is 
occupied by the arterial ventricle which did not fill during this phase of the study. B. Levo phase of same 
study. Frontal angiocardiogram showing opacification of the left atrium (LA), arterial ventricle (AV) and 
aorta (A). The left lateral wall of the arterial ventricle forms the left border of the heart. The inferior portion 
of the arterial ventricle is superimposed on the “tail”? of the venous ventricle. 

C. Forward angiocardiogram in patient (B.B.) with large left to right shunt and pulmonary hypertension. 
Frontal view showing characteristic configuration of the venous ventricle (VV) with medial position of 
the pulmonary trunk (PT). Contrast material streams from the venous ventricle, through the ventricular 
septal defect and into the aorta (A) which arises from the base of the heart to the left of the pulmonary 
trunk. There is no obvious opacification of the arterial ventricle which occupies that portion of the cardiac 
density lying to the left of the venous ventricle. RA —right atrium. 

D. Selective angiocardiogram from the venous ventricle (VV) in a patient (G. Ro.) with large left to 
right shunt and pulmonary hypertension. Frontal view showing contrast material streaming from the 
venous ventricle through a large ventricular septal defect (arrow) and resulting in some degree of opacifica- 
tion of the arterial ventricle. 

E. Forward angiocardiogram in patient with left to right shunt (J. K., autopsy case). Frontal view dur- 
ing early phase of study showing the characteristic configuration of the venous ventricle (VV). RA— right 
atrium. PT — pulmonary trunk. F. Later angiocardiogram in same study. Frontal view showing opacifica- 
tion of an enlarged arterial ventricle (AV) which occupies the left portion of the cardiac density. The left 
lateral wall of this chamber forms the left heart border. The inferior aspect of the arterial ventricle is 
superimposed on the “tail” of the venous ventricle. RAA — right atrial appendage. PT = pulmonary trunk. 
A — aorta. 


each case was within normal limits. 


Selective | angiocardiography | performed 


from the venous ventricle in one patient 
(J.K.) revealed a prominent area of sub- 
pulmonary stenosis in lateral view (Fig. 8 
D). The pulmonary trunk was strikingly 
enlarged, probably as a result of postste- 
notic dilatation. 
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GROUP I. B. LEVOVERSION WITH SITUS 
INVERSUS (I PATIENT) 


Frontal roentgenograms of the thorax 
showed mild cardiac enlargement with the 
apex on the left. The ascending aorta ap- 
peared enlarged. The stomach was on the 
right (Fig. 15 £). 

Forward angiocardiography (Fig. 15, B 





Fic. §. Angiocardiographic features in a patient (P.V., autopsy case) with corrected transposition, ventricular 


septal defect and large left to right shunt. 


A. and B. Selective angiocardiograms from the venous ventricle; frontal and lateral views, respectively. 
The tip of the injection catheter lies in the anterosuperior recess (black arrows) of the venous ventricle 
(VV). C. and D. Selective angiocardiograms from the arterial ventricle. Frontal angiocardiograms taken 
in sequence showing opacification of a small arterial ventricle (AV), large ventricular septal defect (be- 
tween white arrows) in C and immediate dense opacification of the pulmonary trunk (PT) in D, as a 


result of the left to right shunt. 
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F16. 6. Series of frontal roentgenograms of the thorax in patients with corrected transposition, ventricular 
septal defect, pulmonary obstruction and right to left shunt. 

4. (R.H.) male, 9 years. B. (K.R.) female, 4 years. C. (M.S.) male, 12 years. D. (B.L.) male, 1 week; 
prominent convex soft tissue density in left superior mediastinum (arrow) caused by a greatly enlarged 
aorta. Æ. (B.S.) male, 3 days; striking convex soft tissue density in left superior mediastinum and indenta- 
tion deformity on the barium filled esophagus (arrow) caused by a markedly enlarged aorta. F. (N.L.) 


male, 18 months; right sided aortic arch. 


and C) revealed sequential opacification of 
the inferior vena cava, venous atrium and 
venous ventricle, all of which lay on the left 
side. The enlarged aorta opacified from the 
venous ventricle via a ventricular septal 
defect. 


GROUP II. A. MIRROR IMAGE 
DEXTROCARDIA (3 PATIENTS) 


I. Left to right shunt. 


a. Corrected transposition, ventricular sep- 
tal defect. 

This case was an acyanotic 1 year old 
male (D.I.). 

Frontal roentgenograms of the thorax (Fig. 
9 4) showed moderate cardiomegaly and 
slightly increased pulmonary vasculature. 
The ascending aorta formed the upper right 
margin of the cardiovascular silhouette. 
The descending thoracic aorta could be seen 
descending on the right of the thoracic 
spine. 

Forward angiocardiography (Fig. 10, A 
and B) in frontal view showed that the left 


and right atrium occupied the left portion 
and the venous and arterial ventricles oc- 
cupied the right portion of the cardiac den- 
sity. The venous ventricle was triangular in 
outline and exhibited a "tail," while the 
arterial ventricle formed the right lateral 
margin of the cardiac density. The pulmo- 
nary trunk was medial to and slightly larger 
than the aorta. There was no opacification 
of the aorta from the venous ventricle. 
Except for the aortic prominence, this case 
had identical features (in a mirror image 
representation) to several of the cases of 
situs solitus corrected transposition with 
left to right shunt (Group r, Subgroup A 1) 
alreadv described. 


2. Right to left shunt. 


a. Corrected transposition, ventricular sep- 
tal defect, pulmonary stenosis. 

This case was a cyanotic 2 
male (L.G.). 

Frontal roentgenograms of the thorax (Fig. 
9 B) showed a cardiac configuration similar 


vear old fe- 
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to the preceding case. However, as might be 
expected, the density of the ascending aorta 
was more prominent and the pulmonary 
vasculature was slightly attenuated. The 
thoracic aorta could be seen descending on 
the right side. 

Selective angiocardiography performed 
from the venous ventricle clearly showed 
the ventricular septal defect and the pul- 
monary stenosis (Fig. 10, C and D). Im- 
mediately following opacification of the 
venous ventricle, contrast material shunted 
across the defect and opacified the arterial 
ventricle and aorta. The aorta was larger 
than the pulmonary trunk. The ventricular 
chambers, particularly the venous ventri- 
cle, differed in their location and configura- 
tion when compared to the previous case. 
In frontal view the venous ventricle lay 
distinctly to the left of the arterial ventri- 
cle, without superimposition, and, in addi- 
tion, appeared somewhat oval instead of 
triangular in shape. 


3. Corrected transposition, pulmonary steno- 
sis with atrial septal defect and insufficiency 
of the atrioventricular valve. 


This case was an acyanotic, asymptomat- 
ic I4 year old female (L.M.). 

Frontal roentgenograms of the thorax (Fig. 
9 C) showed an unusual cardiovascular 
configuration and slight attenuation of the 
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Fic. 7. Angiocardiographic features. 
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pulmonary vasculature. The aorta was not 
prominent. 

Selective angtocardiography was per- 
formed from the arterial and the venous 
ventricle respectively; the configuration 
and location of the ventricular chambers 
were similar to the first case (D.I.) in this 
group. The selective study from the venous 
ventricle demonstrated an area of sub- 
pulmonary stenosis and enlargement of the 
pulmonary trunk. The studv from the 
arterial. ventricle showed the presence of 
mitral insufficiency (Fig. 10, Æ and F). The 
pulmonary trunk was strikingly enlarged 
and twice the diameter of the aorta. 


GROUP II. B. DEXTROVERSION (8 PATIENTS) 


I. Righi to left shunt. 

There were 4 cyanotic patients with 
ventricular septal defect, pulmonary steno- 
sis, and right to left shunt (A.A., M.W., 
M.P. and G.K.). One patient had, in addi- 
tion, aortic insufficiency. 

Frontal roentgenograms of the thorax in 
each case were strikingly similar (Fig. 9, D, 
E and F; and 11 4). The heart appeared to 
be located centrally within the thorax (un- 
like the cases of dextrocardia where the 
major portion of the cardiac density resided 
in the right hemithorax). The configuration 
of the heart in each case was as follows: the 
margin of the left cardiovascular silhouette 





4. B. C. and D. Forward angiocardiograms in patient (B.L., autopsy case) with corrected transposition, 
ventricular septal defect, pulmonary valvular atresia and patent ductus arteriosus. 4. and B. Frontal and 
lateral views respectively during the early phase of the study showing sequential opacification of the right 
atrium (RA), venous ventricle (VV) and the anteriorly positioned aorta (A). Arrow in 4 shows contrast 
material streaming into the aorta from the venous ventricle via the ventricular septal defect. In addition, 
there is opacification of the left atrium (LA) as a result of a right to left shunt at the atrial level. C. and D. 
Subsequent angiocardiograms in the same study. Frontal and lateral views respectively showing the actual 
ventricular septal defect (arrow in C) and the arterial ventricle (AV) which probably filled from the left 
atrium. In addition, the anteriorly positioned, enlarged aorta is shown. The central pulmonary vascula- 
ture filled with contrast material following opacification of the arch of the aorta by way of a patent ductus 
arteriosus. 

E. and F. Forward angiocardiograms in patient (B.S., autopsy case) with corrected transposition, ven- 
tricular septal defect, pulmonary valvular atresia and patent ductus arteriosus. Frontal and lateral views 
respectively showing features similar to the above case. 
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presented two convexities; a superior one 
formed by an enlarged ascending aorta and 
an inferior convexity formed by the arterial 
ventricle. The right cardiac border con- 
sisted of one prominent convexity which 
extended from the diaphragm to the base of 
the heart and was formed by the right 
atrium above and the venous ventricle be- 
low. An indentation deformity on the left 
lateral wall of the barium-filled esophagus 
formed from compression by the distal 
aortic arch, and a proximal descending 
thoracic aorta was present in each case 
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(Fig. 3, C and D). All of the cases showed 
decreased pulmonary vasculature. 
Angiocardiographic studies were available 
in 3 of the cases and showed the position 
and configuration of the ventricular cham- 
bers. In each case the findings were similar. 
In frontal view the arterial ventricle lay 
distinctly on the left while the venous ven- 
tricle lay on the right. The configuration of 
the venous ventricle was somewhat oval 
rather than triangular in outline, and no 
"tail" was present. The ventricular septal 
defect was readily demonstrated; contrast 





lic. 8. 4. B. and C. Frontal roentgenograms of the thorax in 3 cases of corrected transposition with isolated 
pulmonary obstruction showing size and configuration of the heart and appearance of pulmonary vascula- 
ture. 4. (J.N.) male, 5 years. B. (M.J.) male, 6 years. C. (J. K.) male, 16 years. 

D. and E. Angiocardiographic features in one of the above patients (J. K.). Selective lateral and frontal 
ventriculograms from the venous ventricle showing the characteristic appearance of subpulmonary steno- 
sis (SPS). The importance of the lateral view in the diagnosis of this type of pulmonary obstruction is 
emphasized since in frontal view the anterosuperior recess of the venous ventricle (undesignated arrow) IS 
superimposed on and obscures the outflow tract of the venous ventricle. PV = pulmonary valve. PT = pul- 


monary trunk. 





FIG. 9. Series of frontal roentgenograms of the thorax in patients with corrected transposition associated 
with an abnormal cardiac position showing variations in size and configuration of the heart and appear- 


ance of the pulmonary vasculature. 


A. (D.1.) male, 1 year; situs inversus. B. (L.G.) female, 2 years; situs inversus. C. (L.M.) female, 14 
years; situs inversus. D. (A.A.) male, § years; dextroversion; arrow points to indentation deformity on 


x 


barium filled esophagus due to compression by the distal aortic arch. Æ. (G.K.) female, 12 years; dextro- 
version. 7. (M.P.) female, 9 years; dextroversion. G. (G.S.) male, 6 years; extreme dextroversion. H. (E. T.) 
male, 8 years; dextroversion. /. (G.Ru.) male, 4 months; dextroversion. (See text for description of asso- 


ciated defects in above patients.) 


material from the venous ventricle shunted 
across the defect to produce opacification of 
the outflow tract of the arterial ventricle 
and the aorta. The aorta was larger than 
the pulmonary trunk. In addition, the 
ascending aorta was directed vertically in 
contrast to the oblique direction seen in the 
situs solitus and mirror-image situation. 


The angiocardiographic studies from 2 of 
these cases are shown in Figure 3 C; and 11 


B, C and D respectively. 


) 


2. Left to right shunt. 

This case was an acyanotic 6 year old 
male (G.S.) with corrected transposition, 
ventricular and atrial septal defects, mild 


Lewis S. Carey and Herbert D. Ruttenberg 


SEPTEMBER, 1964 





(See legend on next page) 


VoL. 92, No. 3 


pulmonary stenosis and moderate insuffi- 
ciency of the left atrioventricular valve. 
(Extreme dextroversion.) 

Frontal roentgenogram of the thorax 
showed marked cardiomegaly and in- 
creased pulmonary vasculature (Fig. 9 G). 
The lower portion of the barium filled 
esophagus was displaced to the left by an 
enlarged left atrium and the left lateral wall 
of this chamber produced a prominent 
convexity of the left lower margin of the 
cardiovascular silhouette. The left atrium 
was the only portion of the heart which 
extended to the left of the thoracic spine. 
The descending thoracic aorta was dis- 
tinctly visible on the left side. 

Forward and selective angiocardiography 
demonstrated the presence of a ventricular 
septal defect and insufficiency of the left 
atrioventricular valve (Fig. 12, 4£-D). In 
contrast to other dextroversions, the left- 
sided arterial ventricle was entirely on the 
right and formed the cardiac apex. 


3. Lsolated pulmonary stenosis. 
This case was a cyanotic 4 month old 


male (G.Ru.). 
Frontal roentgenogram of the thorax 
showed a midline position of the heart, a 
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double convexed left cardiovascular margin 
and decreased pulmonary vasculature (Fig. 
9 I). 

Selective angiocardiography performed 
from the venous ventricle showed dextro- 
version, mild enlargement of the pulmonary 
trunk and a normal sized aorta (Fig. 13, Æ 
and PF). The ascending aorta was vertically 
disposed. 


4. Aortic insufficiency and insufficiency of 
the left-sided arterial atrioventricular valve. 


This case was a cyanotic 16 year old male 
(W.N.). ! 

Frontal roentgenogram of the thorax 
showed moderate cardiomegaly and a strik- 
ing prominence of the ascending aorta 
forming the left upper border of the cardio- 
vascular silhouette (Fig. 14 4). 

Selective aortography revealed the pres- 
ence of aortic insufficiency and a markedly 
enlarged aorta which probably developed 
as a result of the insufficiency (Fig. 14, B 
and C). The ascending aorta was vertical. 
Selective ventriculography performed from 
the venous ventricle demonstrated the 
characteristic shape and position of the 
dextroverted venous ventricle (Fig. 14 D). 


A. Forward angiocardiogram in patient (D.I.) with mirror-image dextrocardia, ventricular septal defect 


and left to right shunt. Frontal view in early phase of study showing position and configuration of right 
atrium (arrow), venous ventricle (VV) and the position of the pulmonary trunk (PT). B. Levo phase of 
the same study. Frontal view showing the position and configuration of the arterial ventricle (AV) and 
the aorta (A). 

C. and D. Selective angiocardiograms from the venous ventricle in patient (L.G.) with mirror-image 
dextrocardia, ventricular septal defect, pulmonary stenosis and right to left shunt. Frontal and lateral 
views respectively showing the shape and position of the venous ventricle (VV) and arterial ventricle (AV). 
Contrast material passing from right to left demonstrates the size and position of the ventricular septal 
defect (D). The enlarged aorta (A) arises from the base of the heart on the nght side anteriorly and de- 
scends to the right of the thoracic spine. The site of partial pulmonary obstruction is shown in frontal view 
(undesignated arrow). OAV —outflow tract arterial ventricle. 

E. and F. Selective angiocardiograms from the arterial ventricle in patient (L.M., autopsy case) with 
mirror-image dextrocardia, atrial septal defect, subpulmonary stenosis and insufficiency of the left atrio- 
ventricular valve. Frontal and lateral views respectively demonstrating the position and configuration of 
the arterial ventricle (AV) and regurgitation of contrast material into the left atrium (LA) as a result 
of the insufficient valve. The size and position of the left atrioventricular valve are indicated by arrows 
in the lateral view. The aorta (A) arises from the base of the heart on the right side and descends to the 
right of the thoracic spine. AA —arterial atrium. 
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Fic. r1. Roentgenographic and angiocardiographic features in patient ( (M.W., autopsy case) with corrected 
ARA E dextroversion, ventricular septal defect, aortic insufficiency, subpulmonary stenosis and 
right to left shunt. 

4. Frontal roentgenogram of the thorax showing characteristic midline position of the heart, double 
convexed left heart border and decreased pulmonary vasculature. B. Forward frontal aüpiocardiopn um 
from the right atrium showing position of the right atrium (RA) and right atrial appendage (RAA). C. 
Selective angiocardiogram from the venous ventricle. Frontal view showing positicn of the venous v entricle 
(VV), right to left shunt across the ventricular septal defect (VSD), subpulmonar! v stenosis (undesignated 
arrow) and the pulmonary trunk (PT). The pulmonary valve (PV) is also shown. D. Selective frontal 
angiocardiogram from the left atrium. The tip of the catheter extends into one of the pulmonary veins. 
Injection of contrast material resulted in opacification of the left atrium (LA), a peculiar, elongated left 
atrial appendage (LAA), arterial ventricle (AV) and enlarged aorta (A). 'The ascending aorta arose from 
the base of the heart on the left side and was directed almost vertically upward before arching to descend 
on the left side. (Case previously reported by Levy ef 475 Angiocardiograms supplied through the courtesy 
of Dr. F. A. Hernandez.) 
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Fic. 12. Angiocardiographic features in patient (G.S.) with corrected transposition, extreme dextroversion, 
atrial septal defect and insufficiency of the left atrioventricular valve. 

A. Forward frontal angiocardiogram showing the position and configuration of the right atrium (RA), 
venous ventricle (VV) and pulmonary trunk (PT). Arrow points to the site of the pulmonary valve. B. 
Selective angiocardiogram from the arterial ventricle (AV) shows regurgitation of contrast material into 
the enlarged left atrium (LA) as a result of insufficiency of the left atrioventricular valve. Slight opacifica- 
tion of the pulmonary trunk as a result of the left to right shunt across the ventricular septal defect is 
seen. C. Companion lateral view showing the same features. D. Subsequent frontal view showing additional 
opacification of the pulmonary trunk. The aorta (A) is opacified; it arises from the base of the heart on 
the right side directly anterior to the pulmonary trunk, extends obliquely upward and to the left and then 
arches to descend on the left side. 


5. Corrected transposition with no anatomic showed, apart from the midline position of 
defects. the heart suggesting dextroversion, no 
This case was an 8 year old male (R.T.) other finding (Fig. 9 H) to indicate the 
with complete atrioventricular block but presence of corrected transposition. 
otherwise asymptomatic. Selective  angiocardiography was per- 
Frontal roentgenogram of the thorax formed from the venous ventricle and the 
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characteristic position and configuration of 


the ventricular chambers and great vessels 
were defined (Fig. 13, 4-D). The ascending 


aorta was verticallv disposed. 


COMMENT 


When cases of corrected transposition 
were grouped according to the predominant 
associated anatomic anomalies and hemo- 
dynamic alterations, certain roentgeno- 
graphic features were present which were 
fairly characteristic for each group. The 
appearance of the heart, great vessels and 
pulmonary vasculature in conventional 
roentgenograms of the thorax depended to 
a greater extent upon the nature of these 
associated anomalies rather than on the 
corrected transposition itself. When cor- 
rected transposition occurs as an isolated 
anomaly with no hemodynamic abnormal- 
itv, the size and configuration of the heart 
and pulmonary vasculature may appear 
normal. This was the situation in the pa- 
tient with dextroversion. 

Cases of corrected transposition associ- 


Fic. 13. Angiocardiographic features. 
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ated with ventricular septal defect and left 
to right shunt (Group 1 A, Subgroup 1 a) 
usually showed cardiomegaly, left atrial 
enlargement and increased pulmonary vas- 
culature, the degree depending upon the 
amount of left to right shunt. Marked en- 
largement of the left atrium should suggest 
the presence of an associated Ebstein de- 
formity of the left-sided atrioventricular 
valve or a cleft in one of the valve leaflets. 

In any type of cardiac malformation in 
which the great vessels are normally posi- 
tioned and where there is a significant left 
to right shunt, the pulmonary trunk and 
the central pulmonary vasculature are 
obviously enlarged in the thoracic roent- 
genogram; the size of one usually reflects 
the size of the other. However, in cases of 
corrected transposition and in common 
ventricle with inversion of the infundibu- 
lum with significant left to right shunt, 
there is an apparent paradox; despite the 
striking increase in the size of the central 
pulmonary vasculature, there is no convex 
prominence at the expected location of an 


A. B. C. and D. Selective angiocardiograms from the venous ventricle in patient (R.T.) with corrected 


transposition and dextroversion but without any associated defects. 4. Frontal view in early phase of study 
showing the characteristic position and oval configuration of the venous ventricle (VV), and the position 
of the outflow tract and the pulmonary trunk (PT). Solid black arrow points to the site of the pulmonary 
valve. Dotted black arrow points to the apex of the anterosuperior recess of the venous ventricle. In the 
situs solitus heart in frontal view, this recess is superimposed directly over the outflow tract, as has been 
demonstrated in some of the previous illustrations. However, in dextroversion the entire venous ventricle 
is rotated to the right and the anterosuperior recess occupies a position slightly to the right of the outflow 
tract. B. Lateral view showing the configuration and position of the venous ventricle. The appearance is 
similar to that seen in the situs solitus heart in lateral view. The anterosuperior recess (undesignated white 
arrow) lies anterior to the outflow tract; the tip of the catheter often enters this recess during catheteriza- 
tion and cannot be advanced further. C. and D. Levo phase of the same study. Frontal and lateral views 
showing the position of the left atrium (LA) and the position and configuration of the arterial ventricle 
(AV) and aorta (A). The ascending aorta is directed vertically upward before it arches to descend on the 
left side. 

E. and F. Selective angiocardiograms from the venous ventricle in a patient (G.Ru.) with corrected 
transposition, dextroversion and mild pulmonary stenosis. Æ. Frontal view during early phase of study 
showing features similar to those described in previous case. F. Same study. Levo phase. Frontal view 
showing features similar to those described in previous case. 
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enlarged pulmonary trunk. Instead, there is It has been surprising, on occasion, to note 
a gentle concavity at this site. This, in itself, on angiocardiographic studies in cases of 
is evidence that the pulmonary trunk isin corrected transposition with left to right 
an abnormal position and that some type of shunt an enormous pulmonary trunk which 
transposition of the great vessels is present. was not apparent on the conventional fron- 





Fic. 14. Roentgenographic and angiocardiographic features in a patient (W.N.) with corrected transposition, 
dextroversion, aortic insufficiency and insufficiency of the left-sided atrioventricular valve. 

A, Frontal roentgenogram of the chest showing double convexed left heart border as a result of an 
enlarged, vertically directed ascending aorta which arises from the base of the heart on the left side. B. 
and C. Selective aortograms. Frontal and lateral views respectively showing regurgitation of contrast 
medium into the arterial ventricle as a result of aortic insufficiency. D. Selective frontal angiocardiogram 
from the venous ventricle showing the typical configuration of the venous ventricle (“RV”) noted in most 
cases of corrected transposition with this degree of dextroversion. The outflow tract of the venous ventricle 
(arrow) 1s not obscured by the anterosuperior recess. PT — pulmonary trunk. 





tal roentgenograms of the thorax because of 
its medial position. 

There are several ancillary signs in the 
thoracic roentgenograms which, when pres- 
ent, may provide a clue as to the position 
and size of the pulmonary trunk. The en- 


larged, medially positioned pulmonary 
trunk may displace the superior vena cava 
laterally and produce a prominent soft 
tissue convexity in the right superior medi- 
astinum. Occasionally, the pulmonary 
trunk at its bifurcation and/or the left 
pulmonary artery may produce an indenta- 
tion deformity on the left lateral wall of the 
barium filled esophagus. In some cases 
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l'1G. 1§. Corrected transposition, situs inversus 
with levoversion of the ventricles, ventricu- 
lar septal defect, atrial septal defect and 
subpulmonary stenosis. 

A. Frontal roentgenogram of thorax show- 
ing left-sided cardiac apex. The stomach is 
on the right. B. and C. Forward angiocardio- 
grams. Frontal and lateral views respectively 
showing sequential opacification of left- 
sided inferior vena cava (IVC), 
atrium (VA), enlarged venous atrial ap- 
pendage, venous ventricle (VV) and en- 
larged, anteriorly positioned aorta (A). 


venous 


there was a peculiar tilt to the pulmonary 
arteries, a finding previously described by 
Ellis e? 47? Instead of extending out from 
the hilus horizontally and at the same level 
on each side as in the normal heart, the 
right pulmonary artery was tilted upward 
while the left pulmonary artery was tilted 
downward. The appearance was more 
noticeable on the right side since the right 
pulmonary artery was not obscured by the 
density of the ascending aorta. In such 
cases the major portion of the right pulmo- 
nary vasculature appeared concentrated in 
the upper portion of the right hemithorax. 
Possibly this appearance was related to the 
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l'1G. 16. Angiocardiographic features. Two separate studies on the same patient demonstrating the variation 
in the apparent position of the ascending aorta as a result of rotation. 

A. Frontal retrograde brachial aortogram. Patient rotated slightly to the right. The rotation is indi- 
cated by the unequal distance between the midline of the thoracic spine and the lateral chest wall on each 
side. On this examination it would appear that the aorta arises near the midline. B. Subsequent selective 
angiocardiogram from the left atrium showing opacification of the left atrium (LA), left atrial appendage 
(LAA), arterial ventricle and aorta (A). The patient is rotated to the left and the ascending aorta arises 


distinctly on the left. 


large size of the pulmonary. trunk rather 
than to its position, since we have not ob- 
served the phenomenon in any cases with 
significant pulmonary stenosis and right to 
left shunt in which the pulmonary trunk 
was smaller than normal in size. It has, 
however, been observed in cases of common 
ventricle with inversion of the infundibu- 
lum and large left to right shunt in which a 
huge pulmonary trunk was present. 

While the pulmonary trunk was large in 
cases of corrected transposition with ven- 
tricular septal defect and left to right shunt, 
the aorta was usually normal, or slightly 
smaller than normal, in size. Asa result, the 
aorta did not usually produce a prominent 
convexity of the left upper margin of the 
cardiovascular silhouette. The so-called 
"double convexed”’ left cardiovascular bor- 
der often described as tvpical of corrected 
transposition was not a feature in this 
group. One exception (G.R.) was encoun- 
tered and the reason for the prominent 
aorta in this case is not known. 

In the group of cases with corrected 
transposition and right to left shunt, a 
prominent, convex aortic density on frontal 
roentgenograms of the thorax was a com- 


mon finding; the associated anomalies in 
these cases were ventricular septal defect 
and pulmonary obstruction (with normal 
and abnormally positioned heart). 

In contrast, a prominent ascending aortic 
density was not a feature in those cases of 
corrected transposition with pulmonary 
obstruction in the absence of a ventricular 
septal defect. Only one case (G.Ru. Fig. 9 
I; and 13, E and F) with mild pulmonary 
stenosis and dextroversion showed a promi- 
nent aortic densitv. In this case the aorta 
was not enlarged and we are inclined. to 
believe the appearance on the frontal roent- 
genogram of the thorax was caused bv the 
vertical disposition of the ascending aorta. 
To support this hvpothesis is the finding 
that in patients with mild to moderate 
dextroversion the ascending aorta proceeds 
cephalad in a vertical direction, whereas in 
cases of corrected transposition with situs 
solitus heart or mirror-image dextrocardia 
or extreme dextroversion the ascending 
aorta usually proceeds cephalad in an ob- 
lique direction. 

It would appear that most cases of cor- 
rected transposition (situs solitus) which 
show an obvious convex ascending aortic 





FIG. 17. Pathologic anatomy in corrected transposition. 

4. Group 1 A, Subgroup 1. Corrected transposition with ventricular septal defect. Anterior view of 
heart, with anterior wall of ventricle removed demonstrating triangular shape of right-sided venous 
ventricle (VV). Right atrium (RA) is separated from posteriorly lying pulmonary trunk (PT) by anterior 
leaflet of atrioventricular valve. This relationship, the absence of a crista supraventricularis and the rela- 
tively smooth-walled chamber are characteristics of the inverted venous ventricle. D = ventricular septal 
defect. B. Same case as in Z. Left lateral view of arterial ventricle (AV). The left atrium (LA) and inflow 
region is separated from the outflow tract and aorta (A) by the crista supraventricularis (CS). This ar- 
rangement and the highly trabeculated nature of the chamber are characteristic of the inverted arterial 
ventricle. The ventricular mass which extends inferiorly to the lowermost part of the arterial ventricle is 
the cardial apex which is formed by the venous ventricle. 

C. Group 1 A, Subgroup r. Corrected transposition with ventricular septal defect. Anterior view of heart 
demonstrating the relationships between the arterial (AV) and venous (VV) ventricle. The septum (S) lies 
in a more sagittal plane than does the septum of a normal heart. The arterial ventricle lies side by side 
but in a more superior level than the venous ventricle. The aortic valve (AoV), originating above the crista 
supraventricularis (CS), is at a higher level than the pulmonary valve (PV) and is more anterior. Demon- 
strated again is the close proximity of the venous inflow (RA= right atrium) and outflow tracts separated 
by the anterior leaflet (AL) of the bicuspid atrioventricular valve. In contrast, a long infundibular cham- 
ber (CS) separated the aorta from the sinus portion of the arterial ventricle. 


density on the frontal roentgenogram, shunt which show a small pulmonary trunk 


particularly in. the presence of normal or 
decreased pulmonary vasculature, will be 
found to have a significant pulmonary 
obstruction with ventricular septal defect. 
There is probably a spectrum: at one end, 
those cases with predominant left to right 
shunt which show a large pulmonary trunk 
and a normal sized aorta, and, at the other 
end, cases with predominant right to left 


and a large aorta. In between are cases with 
predominant left to right shunt in which 
there is some component of right to left 
shunt associated with some degree of pul- 
monary obstruction. This small right to left 
shunt produces slight enlargement of the 
aorta which probablv will not be detected 
on conventional roentgenograms but mav 
be noted on contrast studies. 
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One other patient (W.N.) deserves men- 
tion in regard to the appearance of the 
great vessels. This patient with corrected 
transposition and dextroversion showed a 
striking double-convexed left cardiovascu- 
lar border (Fig. 14, 4-D). The enlarged 
prominent ascending aorta in this instance 
was thought to be produced by the presence 
of aortic insufficiency which was demon- 
strated by selective aortography. The verti- 
callv positioned ascending aorta also prob- 
ably contributed to the appearance. 

The recognition of the contours of the 
ventricles in corrected transposition 1s very 
important in the diagnosis of the pathologic 
anatomy. These contours are probably 
more accurately displayed on angiocardio- 
graphic studies than in the fixed necropsy 
specimen. In the frontal angiocardiograms 
of the situs solitus heart with corrected 
transposition, the opacified right-sided 
venous ventricle was triangular in outline 
and lay to the right of the arterial ventricle 
(Fig. 4, 4, B, E and F); the inferior mar- 
gin of this chamber formed the diaphrag- 
matic margin of the cardiac density. The 
sinus portion of the venous ventricle ex- 
tended cephalad and anteriorly, forming a 
blind recess (“‘anterosuperior recess") sep- 
arated from the posteriorly located outflow 
tract of the venous ventricle by a ridge of 
muscle (Fig. 18). In frontal angiocardio- 
graphic view this anterosuperior recess 
often obscured the outflow tract and pul- 
monary valve; in lateral views the relation- 
ship of the sinus portion of the ventricle to 
the outflow tract was more clearly defined 
(Fig. 5, £ and B). The anterosuperior re- 
cess may be recognized during cardiac 
catheterization when it is often difficult to 
enter the pulmonary trunk. The tip of the 
catheter tends to seek the blind anterior re- 
cess and cannot be advanced. Only with- 
drawal from the recess and rotation of the 
tip of the catheter to a more posterior posi- 
tion will allow an entry into the outflow 
tract of this ventricle. It is, therefore, 
common on subsequent angiocardiographic 
studies to note the tip of the catheter in 
the anterosuperior recess. The appearance 
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of the venous ventricular chamber was con- 
sistently the same from case to case. 

In the usual case of corrected transposi- 
tion, the left-sided arterial ventricle in 
frontal angiocardiographic views was some- 
what pear-shaped with a vertical long axis; 
the left lateral wall of this chamber formed 
the entire margin of the left cardiac sil- 
houette. Contrast material, outlining the 
left lateral wall of the sinus and infundibu- 
lar portions of this chamber, and the aorta 
formed a continuous sinusoidal margin 
from caudad to cephalad, respectively. The 
peculiar contour of the left cardiac border 
in frontal roentgenograms of the thorax in 
some cases of corrected transposition 1s 
readily explained by the angiocardiographic 
studies (Fig. 1 H; and 4, Zand B). 

When both ventricular chambers were 
opacified, in the lateral view the main por- 
tions of each chamber were superimposed. 
The outflow tract of the venous ventricle 
lay posterior to that of the arterial ventricle 
but the latter was frequently obscured by 
the anterosuperior recess of the sinus por- 
tion of the venous ventricle. In frontal view 
the “tail” of the right-sided venous ven. 
tricle overlay the inferior and right lateral 
portion of the left-sided arterial ventricle, 
and the lateral part of the inferior border of 
the "tail" formed the most inferior portion 
of the apex of the heart. 

In cases of corrected transposition with 
ventricular septal defect, pulmonary ob- 
struction and right to left shunt (Group 1 A, 
Subgroup 2 a), the findings on conventional 
roentgenograms of the thorax in most cases 
were different from those observed in the 
cases with left to right shunt described 
above. The heart was usually normal in size 
or slightly enlarged. The configuration of 
the left cardiovascular border was often 
striking; the enlarged ascending aorta pro- 
duced an obvious convex density along the 
left upper border of the cardiovascular 
silhouette. This convexity, combined with 
the convex prominence of the remaining 
inferior portion of the left heart border 
(formed by the wall of the arterial ventri- 
cle), produced the so-called “double-con- 
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vexed” cardiac border. The pulmonary 

vasculature was usually decreased. It was 
unusual to detect an indentation deformity 
on the esophagus which could be ascribed 
to the enlarged distal pulmonary trunk, but 
it was not uncommon to see a fairly láno 
compression deformity of the left wall of 
the esophagus produced by the enlarged 
aorta. The portions of the aorta responsible 
for this deformity were the distal aortic 
arch and proximal descending thoracic 
aorta. In those cases associated with com- 
plete pulmonary obstruction. (pulmonarv 
atresia), the aorta was extremely large, as 
was the esophageal deformity. 

Angiocardiographic studies in this group 
of cases usually revealed evidence of pul- 
monary obstruction and dense opacification 
of an enlarged aorta from the venous ven- 
tricle via the ventricular septal defect. 

The differences in roentgenographic ap- 
pearance of cases of corrected transposition 
associated with mirror-image dextrocardia 
and dextroversion are primarily related to 
the abnormal position of the heart. In 
mirror-image dextrocardia with corrected 
transposition, the position of the atria and 
the position and configuration of the ven- 
tricles and the course of the ascending aorta 
and pulmonary y trunk are a mirror image of 
the anatomic arrangement in the situs 
solitus heart with corrected transposition 
(Fig. 10, 4 and B). The major portion of 
the cardiac density is usually located in the 
right hemithorax. In most cases of dextro- 
version (extreme dextroversion excluded), 
however, the heart is usually “midline” and 
the position and configuration of the ven- 
tricular chambers are unique. In frontal 
view the ventricular chambers do not usu- 
ally overlap one another as they usually do 
in the situs solitus and mirror-image heart; 
the arterial chamber is definitely left-sided 
and the venous ventricle definitely right- 
sided (Fig. 13.7). In addition, the venous 
ventricle shows a vertical long axis, is some- 
what oval in shape and does not demon- 
strate a "tail." The ascending aorta is 
vertically disposed rather than slanting 
obliquely to the right or left, as is the situa- 
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Fic. 18. Group 1 A, Subgroup 1. Corrected trans- 
position with ventricular septal defect. Right 
lateral view of venous ventricle (VV) with a por- 
tion of the lateral ventricular and atrial wall 
reflected anteriorly. This view demonstrates the 
"anterosuperior recess" (recess) noted in the 
angiocardiograms. The pulmonary valve (PV) 
lies posterior and at a lower level than the apex of 
this recess. A ventricular septal defect (d) lies 
below the pulmonary valve. 


tion in the situs solitus and mirror- -image 
heart, respectively. 

In extreme dextroversion the arterial 
ventricle may lie in the right hemithorax 
and overlap the venous ventricle (Fig. 9G; 
and 12, d—D). The ascending aorta is also 
rotated to the right; it arises from the base 
of the heart at the right, proceeds obliquely 
upward and to the left and descends to the 
left of the thoracic spine. The anatomy of 
the aorta and the situs solitus position of 
the atria help differentiate this form of 
dextroversion from mirror-image dextro- 
cardia. 

In many instances, the conventional 
roentgenograms of the thorax and the 
angiocardiographic studies may provide 
much information concerning the hemo- 
dynamic alterations secondary to the asso- 
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ciated intracardiac defects. Cases with 
corrected transposition, ventricular septal 
defect and significant left to right shunt 
usually showed moderate to marked cardio- 
megaly and an obvious increase in pulmo- 
nary vasculature. In addition, forward or 
selective angiocardiography from the ve- 
nous ventricle usually showed opacification 
of the aorta via the ventricular septal de- 
fect, indicating the presence of a right to 
left shunt secondary to the pulmonary 
hypertension which, in our experience, was 
usually present. In cases with significant 
left to right shunt, pressures were recorded 
in the pulmonary trunk in 5. Of these, the 
pressure was slightly elevated in 1 and very 
high in 4 (mean pressure 41 to 92 mm. Hg). 
Pressure recorded from the venous ventricle 
in 8 cases showed levels equal to svstemic 
pressures in 7. 

In contrast, § patients with a small left to 
right shunt at the ventricular level showed 
onlv mild to moderate cardiomegalv and a 
slight increase in pulmonary vasculature. 
Angiocardiography was performed in 4 of 
these cases. In 3 patients there was no 
evidence of opacification of the aorta from 
the venous ventricle and in the remaining 
case only faint opacification was noted. 
Catheterization in 3 of these cases revealed 
systemic levels of pressure in the venous 
ventricle in each case, suggesting the pres- 
ence of pulmonary hypertension. Unfortu- 
nately, the pulmonary trunk was not en- 
tered at catheterization so that the presence 
of pulmonary hypertension was not con- 
firmed. 

Angiocardiographic techniques have 
proved to be extremely valuable in the 
diagnosis of complex cardiac malforma- 
tions, as shown in this study. In our experi- 
ence, selective angiocardiography from the 
venous or arterial ventricle has been the 
most useful. Selective angiocardiographv 
from the venous ventricle is probably the 
procedure of choice in the diagnosis of cor- 
rected transposition. This procedure, in 
most instances, will provide accurate ana- 
tomic information concerning (1) the size, 
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shape and position of the ventricular cham- 
ber or chambers; (2) the presence or ab- 
sence of pulmonary stenosis, subpulmonary 
stenosis and defects in the ventricular 
septum; (3) the position and interrelations 
of the great vessels; (4) and the relation- 
ship of the pulmonary and aortic valves. In 
addition, the procedure will allow evalua- 
tion of the hemodvnamic alterations sec- 
ondary to the intracardiac abnormalities. 
Selective left ventriculography is important 
in demonstrating the presence and degree 
of insufficiency of the left atrioventricular 
valve; in our opinion this procedure is man- 
datory if surgery is to be performed. It is 
also usetul in differentiating extreme dex- 
troversion from mirror-image dextrocardia 
with corrected transposition. 

Aortography is of limited value in any 
suspected case of corrected transposition. 
When indicated, it is best done selectively 
with the tip of the catheter above the aortic 
valve rather than by retrograde injection 
from the brachial artery since the latter 
method often does not result in adequate 
visualization of the ascending aorta. It has 
been shown that a selective aortogram of 
good quality will show the abnormal posi- 
tion of the ascending aorta, the high level of 
the aortic valve and often the unusual 
coronary artery pattern. Apart from the 
coronary pattern, however, this informa- 
tion can usually be obtained by a selective 
study from the venous ventricle. 

A possible error in angiocardiographic 
interpretation in infants with corrected 
transposition may result from improper 
positioning. If the patient is accidentally 
rotated to the right, the anteriorly posi- 
tioned ascending aorta may appear to arise 
near the midline and this would not suggest 
the presence of corrected transposition. An 
example of such a situation is shown in 


Figure 16, Æ and B. 


SUMMARY 


The roentgenographic findings in pa- 
tients with corrected transposition depend 
primarily on the nature of the associated 
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malformations. A classification has been 
presented which is based on the altered 
anatomic and hemodynamic states. 

: Moderate to marked cardiomegaly, in- 
creased pulmonary vasculature, elevation 
of the central pulmonary vasculature on 
the right side, prominence of the right 
superior vena cava, absence of the pulmo- 
nary trunk density at its expected location, 
a bulky convexity of the upper left cardiac 
margin without an obvious ascending aorta 
density in a noncyanotic patient should 
suggest the diagnosis of corrected trans- 
position, ventricular septal defect, and pul- 
monary hypertension with predominant 
left to right shunt. 

Mild cardiomegaly, normal or decreased 
pulmonary vasculature, a “double-con- 
vexed" left cardiovascular silhouette in a 
cyanotic patient should suggest the diagno- 
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sis of corrected transposition, wentticular 
septal defect, pulmonary obstruction and 
predominant right to left shunt. 

Corrected transposition is frequently as- 
sociated with dextroversion or mirror-image 
dextrocardia. 

Patients with common ventricle and 
infundibular inversion may often show 
roentgenographic findings similar to those 
seen in patients with corrected transposi- 
tion; these are dealt with in an accompany- 


ing paper. 


Lewis S. Carey, M.D. 

St. Joseph’s Hospital 
Department of Radiology 
St. Paul, Minnesota 


Note: For References, see accompanying 
paper. 
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ROENTGENOGRAPHIC FEATURES OF COMMON 
VENTRICLE WITH INVERSION OF 
THE INFUNDIBULUM* 


CORRECTED TRANSPOSITION WITH RUDIMENTARY 
LEFT VENTRICLE 


By LEWIS S. CAREY, M.D., and HERBERT D. RUTTENBERG, M.D. 


ST. PAUL, MINNESOTA 


LTHOUGH cases of corrected transpo- 
sition are very difficult to differentiate 
clinically from those of common ventricle 
with infundibular inversion, these condi- 
tions are pathologically quite distinct from 
each other. Moreover, as mentioned in the 
preceding paper this clinical distinction 1s 
mandatory before considering surgical cor- 
rection. 

The purpose of this study is to compare 
the roentgenographic features in these 2 
conditions and to emphasize those features 
which may help to distinguish cases of com- 
mon ventricle from those with corrected 
transposition of the great vessels. 


PATHOLOGIC ANATOMY AND DEFINITION 
OF TERMS 


When the ventricular septum is absent 
producing the condition common ventricle, 
an infundibulum usually is present at the 
base of the common chamber. When the 
infundibulum lies in the position occupied 
by the infundibulum of the arterial ventri- 
cle under conditions of inversion of the ven- 
tricles, the term common ventricle with in- 
version of the infundibulum is applied.? This 
condition is also known as corrected trans- 
position with rudimentary left ventricle, 
since the position of the great vessels 1s like 
that type of transposition (corrected trans- 
position) in which a septum 1s present and 
the ventricles are inverted. In our experi- 
ence, the rudimentarv chamber mav be 


very small, or it may be larger when it pos- 
sesses à sinus portion which leads into the 
infundibulum tract. 

In most cases both | atrioventricular 
valves empty into the common chamber; 
occasionallv the left atrioventricular valve 
may empty into the rudimentary chamber. 
Strictly speaking, a common ventricle is 
said to exist when both atrioventricular 
valves empty into the common ventricular 
chamber.? In this study no distinction 1s 
made between these two entities since the 
clinical and functional characteristics in 
each are similar and neither form of com- 
mon ventricle is amenable to surgery. 


MATERIAL 


The clinical and necropsy data in 20 
cases of common ventricle with infundibu- 
lar inversion studied at the University of 
Minnesota Hospital were reviewed. Diag- 
nostic procedures included cardiac cathe- 
terization in 14 and angiocardiography in 
20 cases. Surgical exploration and cardiac 
surgery were performed in 5 cases, while 6 
cases were restudied at necropsy. 


ROENTGENOGRAPHIC CLASSIFICATION OF 
CORRECTED TRANSPOSITION AND COM- 
MON VENTRICLE WITH INVERSION OF 

THE INFUNDIBULUM 


The results of this study are organized 
according to the following classification: 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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F6. 1. Series of frontal roentgenograms of the thorax in patients with common ventricle and inversion of 
infundibulum showing variations in the size and configuration of the heart and appearance of the pul- 
monary vasculature. 

A. (J.L.) female, 4 days. B. (S.L.) male, 3 months. C. (A.V.) female, 3 months. D. (N.P.) male, 4 months. 
E. (D.A.) male, 18 months. F. (W.L) male, 18 months. G. (K.W.) male, 2 years. H. (A.U.) male, 31 years. 
I. (M.H.) female, 31 years. 





Group I. Levocardia (cardiac apex on left) 2. Right to left shunt (decreased or 
A. Situs Solitus normal pulmonary vasculature) 

a. Corrected transposition with 

ventricular septal defect and 

pulmonary obstruction 

Common ventricle with inver- 

sion of infundibulum and pul- 

monary obstruction 

3. Isolated pulmonary obstruction 


I. Left to right shunt (increased 
pulmonary vasculature) 

a. Corrected transposition with b 

ventricular septal defect i 

b. Common ventricle with inver- 

sion of infundibulum and no 

significant pulmonary obstruc- 

tion B. Levoversion (with situs inversus) 
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ic. 2. Series of frontal roentgeno- 
grams of the thorax in patients 
with common ventricle and in- 
version of infundibulum show- 
ing variations in the size and 
configuration of the heart and 
appearance of the pulmonary 
vasculature. 


A. (T.P.) male, 6} years; arrow points to indentation deformity on the barium filled esophagus due to 
compression by the distal portion of the medially positioned pulmonary trunk and/or left pulmonary 
artery. B. (W.D.) male, 7 years; arrow points to the right lateral margin of the superior vena cava which 
is displaced by the medially positioned pulmonary trunk. C. (R.A.) male, 7 years. D. (D.V.) male, 11 
years. Æ. (C.M.) female, 20 years. 


»—- 


Fic. 3. Roentgenograms showing displacement of the superior vena cava by the medially positioned pul- 
monary trunk in a patient with common ventricle. 

4. (W.D.) Frontal roentgenogram of thorax. Arrow points to right lateral margin of the displaced 
superior vena cava. B. and C. Forward angiocardiograms. Frontal views in sequence showing the displace- 
ment of the superior vena cava by the enlarged pulmonary trunk. D. Same patient, Selective angiocardio- 
eram from the common ventricle (CV) showing to better advantage the markedly enlarged, medially 
positioned pulmonary trunk (PT). The inverted infundibulum (1), infundibular recess (IR) and the aorta 
(A) are also shown. The aortic valve lies at a higher level than the pulmonary valve. Æ. and F. (N.P.) Com- 
mon ventricle. Frontal roentgenogram and frontal selective angiocardiogram from venous ventricle respec- 
tively showing elevation of the right pulmonary artery. 





(Nee legend on preceding page) 
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RESULTS 
GROUP I. A. SITUS SOLITUS WITH LEVOCARDIA 
I. Left to right shunt. 


b. Common ventricle with inversion of the 
infundibulum (14 patients). There were 10 
males and 4 females whose ages ranged 
from 4 days to 20 years in this group. Clini- 
cal cyanosis was present in 9 cases, and in 2 
other patients cyanosis was present on exer- 
tion. 

Frontal roentgenograms of the thorax, in 
general, showed similar findings (Fig. 1, 
A-I; and 2, Æ-E) to those noted in patients 
with corrected transposition with left to 
right shunt. Cardiomegaly and increased 
pulmonary vasculature, both usually of 
moderate to marked degree, were present in 
all cases. A mild concavity or a straighten- 
ing of the left cardiac margin was seen at 
the expected location of the pulmonary 
trunk in 12 patients. Left atrial enlarge- 
ment was commonly observed. The ascend- 
ing aorta formed an obvious convex densitv 
at the upper left margin of the cardiovascu- 
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lar silhouette in only 3 patients. An inden- 
tation deformity on the left lateral wall of 
the esophagus, presumably caused by com- 
pression by the distal pulmonary trunk 
and/or left pulmonary artery was present 
in 4 patients (Fig. 1, 7—-/). Three patients 
showed a peculiar upward tilt of the right 
hilar pulmonary vasculature (Fig. 3, £ and 
F; and 4, C and D). Displacement of the 
superior vena cava by the medially posi- 
tioned pulmonary trunk was noted in 3 pa- 
tients (Fig. 3, 4, B, C and D). One unusual 
finding in 4 patients was a mild convex 
prominence of the upper left cardiac border 
caused by the underlying rudimentary ar- 
terial chamber (Fig. 4, C and D). One pa- 
tient showed a localized bulge of the upper 
left cardiovascular margin formed bv a 
prominent aortic sinus (Fig. 4, E and F). 
Forward angiocardiography or selective 
ventriculography was performed in each 
patient. The angiocardiographic studies 
showed an enlarged ventricle (common 
ventricle) which occupied a major portion 
of the cardiac densitv in. frontal and lat- 








Fic. 4. Unusual configuration of left heart border in 3 patients with common ventricle and inversion of the 


infundibulum. 


A. and B. (W.P.) Roentgenogram of the thorax and selective angiocardiogram in frontal view respec- 
tively. White arrow on each film points to a mild convex prominence of the upper left heart border formed 
by the underlying infundibular recess. The other roentgenograms from this case are shown in Figure 10, 


E. and F. I2 inverted infundibulum. A— aorta. 


C. and D. (D.V.) Roentgenogram of the thorax and selective angiocardiogram in frontal view respec- 
tively showing essentially the same features as in 4 and B. I— inverted infundibulum. PT = pulmonary 


trunk. A- aorta. 


E. and F. (C.M.) Roentgenogram of the thorax and selective aortogram in frontal view respectively 
showing a mild convex prominence of the left upper heart border (white arrow in E) caused by the supra- 


valvular portion of the ascending aorta. 
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eral views. In 3 patients the configura- 
tion of the common ventricle was similar to 
the venous ventricle in patients with cor- 
rected transposition. It was pyramidal in 
shape in lateral view, the outflow tract to 
the pulmonary trunk arose from the pos- 
terosuperior aspect of the chamber and a 
definite anterosuperior recess was present 
(Fig. 5, C, D, E and F; and 6, E and F). 
Simultaneous or nearly simultaneous opaci- 
fication of both great vessels occurred regu- 
larly. In 12 of the 14 patients, the angio- 
cardiographic studies were of good or excel- 
lent quality and the following features were 
noted. A rudimentary arterial chamber, 
consisting of an infundibulum and infun- 
dibular recess usually of small size, was 
present in Io patients (Fig. 5 E; and 7, B 
and Æ). In frontal view, the infundibular 
recess formed a segment of the left upper 
cardiac silhouette; occasionally, this seg- 
ment showed a mild convex bulge which 
corresponded to that on the conventional 
frontal roentgenograms of the thorax (Fig. 
4, C and D). In 2 patients no infundibular 
recess was visible; the common chamber at 
Its base divided into an outflow tract to the 
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pulmonary trunk and aorta (Fig. 7 D). In 
each of these 2 patients, the pulmonary 
valve and the aortic valve lay at the same 
level. In the remaining patients, the aortic 
valve appeared to lie at a slightly higher 
plane than the pulmonary valve. In 11 
patients the pulmonary trunk was larger 
than the aorta, often to a striking degree 
(Fig. 7, E and F). In 3 of the patients the 
pulmonary trunk was only slightly larger 
than the aorta. In the remaining case, that 
of associated tricuspid atresia, the aorta 
and pulmonary trunk appeared to be the 
same size. 


2. Right to left shunt. 


b. Common ventricle, inversion of infun- 
dibulum and pulmonary obstruction (6 pa- 
tients). There were 4 males and 2 females 
whose ages ranged from 3 weeks to 8 years. 
One case was associated with asplenia. All 
were cyanotic. 

Frontal roentgenograms of the thorax re- 
vealed that there was no uniform appear- 
ance in these patients (Fig. 8, /7-/). The 
degree of cardiomegaly varied from mild to 
marked. The pulmonary vasculature ap- 


Fic. §. Angiocardiographic features in common ventricle. 
A. B. C. and D. Selective angiocardiograms in a patient (A.V.) with common ventricle, inversion of 


the infundibulum and left to right shunt. 4. Frontal view. The infundibulum (arrow) leading to the aorta 
and the outflow tract (OT) leading to the pulmonary trunk (PT) are well shown. B. Subsequent frontal 
view showing the infundibular recess (IR). C. A still later frontal view. The contrast material has passed 
through the infundibulum and has entered the small aorta (white arrow). The large, medially positioned 
pulmonary trunk (PT) is well filled with contrast material. The small black arrow points to the apex of the 
anterosuperior recess of the common ventricle. D. Lateral view showing the relationship of the small aorta 
(A) to the large posterior pulmonary trunk (PT). The aortic valve lies at a higher level than the pulmonary 
valve. The outflow tract leading to the pulmonary trunk lies immediately posterior to the apex of the 
anterosuperior recess (arrow) of the common ventricle (CV). 

E. and F. Selective angiocardiograms in patient (T.P.) with common ventricle, inversion of the in- 
fundibulum and left to right shunt. Frontal and lateral views respectively showing the inverted infundibu- 
lum (I) and the anterosuperior recess (black arrow in E and white arrow in F) of the common ventricle 
(CV) which is superimposed on the outflow tract leading to the pulmonary trunk (PT) in frontal view. 
The pulmonary trunk (PT) is strikingly enlarged and is much larger than the aorta. The aortic valve lies 
at a higher level than the pulmonary valve. 
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peared normal or decreased. Evidence of 
enlargement of the ascending aorta was 
present in 5 patients. Of these, 2 (T. M. and 
G.F.) showed a prominent convexity of the 
upper left cardiovascular silhouette (Fig. 8, 
D and F). One patient (K.T.) with pulmo- 
nary atresia and asplenia showed a promi- 
nent soft tissue convexity in the right supe- 
rior mediastinum produced by an enlarged 
right aortic arch (Fig. 8 4). The remaining 
2 patients, one with pulmonarv atresia 
(M.B.) and the other with mitral atresia 
and severe pulmonary stenosis (B.K.), 
showed indirect evidence of an enlarged 
aorta bv virtue of a prominent indentation 
deformitv on the left lateral wall of the 
barium filed esophagus (Fig. 8, B and 
C). 
In 3 of the 6 patients, the left cardiac 
margin showed a mild bulging superiorly 
and a flattened midportion (Fig. 8, B, C and 
E); 1n each the subsequent angiocardio- 
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graphic studies showed that the bulge re- 
flected the site of the underlving rudimen- 
tary arterial ventricle (Fig. 9 C). 

Forward or selective angiocardiography 
was carried out in each patient with good 
definition of the common ventricle and the 
infundibulum (Fig. 9, Æ—-F; and 10, 4-F). 
In addition, in 1 patient (M.B.) an infun- 
dibular recess was visible (Fig. 9 C). 

In 3 patients (G.F., T.M. and W.P.), the 
relationship of the pulmonarv valve to the 
aortic valve could be defined; in each, the 
valves lay at the same level and no infundib- 
ular recess was discernible on the roentgeno- 
grams. 

In 3 patients the aorta was enlarged toa 
striking degree. Two of these had pulmo- 
nary atresia and the other severe pulmonary 
and subpulmonary stenosis. In the remain- 
ing 3 patients, the aorta was slightly larger 
than the pulmonary trunk in 2 and ap- 
peared to be about the same size in 1. 


F16. 6. Angiocardiographic features in common ventricle, inversion of infundibulum and left to right shunt. 
A. B. C. and D. Forward angiocardiograms in patient (J.L., autopsy case) with corrected transposition, 


rudimentary arterial ventricle, tubular hypoplasia of the aortic arch between the left common carotid and 
the left subclavian arteries, congenital bicuspid aortic valve and patent ductus arteriosus. Certain features 
of this case previousy reported by Levy e£ al. 4. and B. Frontal and lateral views respectively during the 
early phase of the contrast study showing the venous ventricle (VV), the rudimentary arterial ventricle 
(AV) and striking enlargement of the pulmonary trunk (PT). C. and D. Subsequent films in the same 
study. Frontal and lateral views respectively showing the enlarged venous ventricle during diastole (un- 
designated arrows in frontal view). The relationship of the aorta (A) to the pulmonary trunk (PT) and 
the relative size of these structures are shown. 

E. and F. Selective angiocardiograms in patient (N.P., autopsy case) with corrected transposition, rudi- 
mentary arterial ventricle, hypoplasia of distal aortic arch, coarctation of aorta and patent ductus arteriosus. 
The tip of the injection catheter lies in the anterosuperior recess (arrow). Frontal and lateral views respec- 
tively showing triangular venous ventricle (VV) during systole. The volume of the u nopacified cardiac density 
extending superiorly and to the left of the opacified venous ventricle would suggest the presence of a nor- 
mal sized arterial ventricle. However, in this case the arterial ventricle was small, which points up the 
importance of evaluating chamber size during the diastolic phase (see also Fig. 7, C and D). 
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l'1G. 8. Series of frontal roentgenograms of the thorax in patients with common ventricle, inversion of the 
infundibulum, pulmonary stenosis and right to left shunt showing variations in the size and configuration 
of the heart and the appearance of the pulmonary vasculature. 

A. (K.T.) female, § weeks; right sided aortic arch, right sided stomach, "transverse" liver associated 
with agenesis of the spleen. B. (M.B.) male, 2 months; mild convex prominence of upper left heart border 
(arrow) caused by underlying infundibular recess. C. (B.K.) male, 3 weeks; mild convex prominence of 
upper left heart border (arrow) caused by underlying infundibular recess. D. (G.F.) female, 8 years. Æ. 
(W.P.) male, 4 years; mild convex prominence of upper left heart border (arrow) caused by underlying 
infundibular recess. F. (T. M.) male, 6 years; double-convex left cardiovascular border. 


< ene 


ViG. 7. Angiocardiographic features. 

4, Retrograde brachial aortogram in patient (W.L., autopsy case) with common ventricle, inversion 
of the infundibulum and tricuspid atresia. Frontal view showing the position of the ascending aorta. B. 
Same patient. Selective frontal angiocardiogram from the left atrium. Contrast material has passed from 
the left atrium and now opacifies an enlarged common ventricle (CV), a wide infundibulum (black arrows) 
and infundibular recess (IR). Simultaneous opacification of pulmonary trunk (PT) and aorta (A). 

C. and D. Forward angiocardiograms in patient (S.L.) with common ventricle, inversion of the in- 
fundibulum and left to right shunt. C. Frontal view during systole showing opacification of a triangular 
common ventricle (CV), inverted infundibulum (I), aorta (A) and pulmonary trunk (PT). D. Subsequent 
frontal view during diastole showing an enlarged common ventricle. Aortic and pulmonary valves at the 
same level. 

E. and F. Selective angiocardiograms in a patient (W.D.) with common ventricle, inversion of the 
infundibulum and left to right shunt. Frontal and lateral views respectively. The catheter was advanced 
from the aorta into the common ventricle (CV). Injection of contrast material resulted in opacification of 
a large common ventricle (CV). Simultaneous opacification of both great vessels. The pulmonary trunk 
(PT) is strikingly enlarged. The aorta (A) is smaller than the pulmonary trunk and the ascending portion 
of the aorta is directed obliquely upward. The aortic valve is at a higher level than the pulmonary valve. 
The infundibulum (I) and the infundibular recess (IR) are well shown. 


) 


Common 
Atrium 





(See legend on next page) 


VoL. 92, No. 3 


COMMENT 


Some patien ts with common ventricle and 
inversion of the infundibulum with left to 
right shunt (Group 1 A, Subgroup 1 b) 
present features on conventional roentgeno- 
grams of the thorax which are indistin- 
guishable from those in patients with 2 
(inverted) ventricles, ventricular septal 
defect and left to right shunt (Group 1 A, 
Subgroup 1 a). The similarities include 
moderate to marked cardiomegalv, in- 
creased pulmonary vasculature, enlarge- 
ment of a medially positioned pulmonary 
trunk which may cause displacement of the 
superior vena cava or a compression de- 
formity on the barium filled esophagus. 
Clinically, the former patients may or may 
not show cyanosis; the latter patients are 
usually acyanotic. 

Patients with a common ventricle, inver- 
sion of infundibulum, pulmonary obstruc- 


Fic. 9. Angiocardiographic features. 
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tion, and right to left shunt are usually 
clinically and roentgenographically indis- 
tinguishable from patients with corrected 
transposition (two inverted ventricles), 
ventricular septal defect, pulmonary ob- 
struction and right to left shunt (Group 1A, 
Subgroup 2 a). Both conditions cause cva- 
nosis and thoracic roentgenograms usuallv 
show mild to moderate cardiomegaly, de- 
creased or normal appearing pulmonary 
vasculature and a striking convexity of the 
upper left cardiovascular silhouette caused 
by the enlarged ascending aorta. It is pri- 
marily the aortic enlargement, the appear- 
ance of the pulmonary vasculature and the 
tendency to a lesser degree of cardiomegaly 
that help to distinguish those patients with 
a common ventricle or corrected transposi- 
tion with right to left shunt from those with 
a common ventricle or corrected transposi- 
tion and left to right shunt. 


A. and B. Forward angiocardiograms in patient (K.T., autopsy case) with agenesis of the spleen, com- 
mon ventricle with inversion of infundibulum, “common atrium," pulmonary atresia, total anomalous 
pulmonary venous connection to right superior vena cava, bilateral superior venae cavae, right aortic 
arch and left patent ductus arteriosus which arose from the left innominate artery and joined the left 
pulmonary artery. 4. Frontal view in early part of study showing sequential opacification of the common 
atrium, triangular “common ventricle" (“RV”), inverted infundibulum (I) and enlarged aorta (A) which 
arises from the base of the heart on the left side. B. Subsequent frontal view showing dense opacification 
of the aorta which descends on the right side. The pulmonary trunk (PT) filled by way of a ductus-like 
vessel (arrows) which arose from the left innominate artery and joined the left pulmonary artery. 

C. and D. Forward angiocardiograms in patient (M.B., autopsy case) with common ventricle, inversion 
of the infundibulum, mitral and pulmonary atresia and patent ductus arteriosus. Frontal and lateral 
views respectively showing sequential opacification of the common ventricle (CV), inverted infundibulum 
(D, infundibular recess (R) and an enlarged aorta (A) which arises anteriorly from the base of the heart 
on the left side. On the frontal view the upper arrow points to a convex prominence of the upper left 
heart border caused by the underlying infundibular recess. The lower arrow points to an additional mild 
convex prominence produced by the apex of the common ventricle. 

E. and F. Forward angiocardiograms in patient (B. K., autopsy case) with common ventricle, inversion 
of the infundibulum, pulmonary stenosis, mitral atresia and right aortic arch. Lateral and frontal views 
respectively showing the common ventricle (CV), infundibulum (arrow) and enlarged aorta (A) which 
arises from the base of the heart on the left side. RA— right atrium. 
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Fic. 11. Semidiagrammatic line drawings showing configuration of left cardiac border. Æ. Corrected trans- 
position (2 ventricles); AV «arterial ventricle. B. Common ventricle, inversion of infundibulum and small 
arterial chamber (IC); CV « common ventricle; A — aorta. C. Common ventricle, inversion of infundibulum 
and absent arterial chamber; IR =infundibular recess. 


Despite the many roentgenographic simi- 
larities between a common ventricle and 
corrected transposition, it would appear 
that there are variations in the configura- 
tions of the left cardiac margin on frontal 
roentgenograms of the thorax which may 
suggest the correct diagnosis. Three varia- 
tions may be observed, each of which re- 
flects the anatomy of the underlying arte- 
rial ventricle (Fig. 11, Æ, B and C). When 
the arterial ventricle is completely formed, 
as in corrected transposition, the left cardiac 
border is full and convex (Fig. 11 4). When 
it is smaller than normal, the left margin 
may show a bulging of its upper portion and 
a flattening of its midportion, the former 
reflecting the site of the underlying small 
arterial ventricle and the latter reflecting 
an absence of underlying arterial ventricu- 
lar chamber (Fig. 11 B). When the arterial 
ventricle is rudimentary and consists only of 
an infundibulum and possibly an infundibu- 


«E 


Fic. 10. Angiocardiographic features. 


lar recess, the left cardiovascular margin 
extending from the superior mediastinum 
to the cardiac apex is either flattened or 
mildly concave (Fig. 11 C). 

Angiocardiography is the only accurate 
method of differentiation. In defining these 
various entities, 1t is very important to 
obtain roentgenograms during systole and 
diastole. For example, a common ventricle 
during systole may appear much the same 
in size and configuration as the triangular 
venous ventricle in corrected transposition, 
and it may be only during diastole that the 
true nature of the ventricular anatomy can 
be ascertained (Fig. 6, 4, Cand E; and 7, C 
and D); during diastole, the common ven- 
tricle may be noted to occupy the major 
portion of the cardiac density. 

Within the group of patients with a 
common ventricle, both with and without 
pulmonary stenosis, there appear to be 
variations in the angiocardiographic anat- 


A—F. Selective angiocardiograms made from the common ventricle in frontal and lateral view respec- 
tively of 3 patients (T.M., G.F., W.P.) with common ventricle, inversion of the infundibulum and pul. 
monary stenosis. Ín each case the aortic valve (AV) and pulmonary valve (PV) lay at the same level. 
CV — common ventricle. O outflow tract leading to pulmonary trunk. I==infundibulum leading to the 


aorta. 
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omy. In some patients the common ven- 
tricle had a configuration similar to the 
venous ventricle of corrected transposition 
(Fig. 5 E and F), while in some other 
patients, no such triangular configuration 
was apparent (Fig. 10, £ and 5). 

In many of the patients, the angiocardio- 
graphic studies clearly defined the aortic 
and pulmonary valves. In some patients the 
aortic valve lav cephalad to the pulmonary 
valve (Fig. 5, 7, B and C; and 7, E and F); 
in other patients there was definite evidence 
that the pulmonary valve and aortic valve 
lay at the same level (Fig. 10, 7 and C), and 
in these cases there did not appear to be 
any infundibular recess. Instead the com- 
mon ventricle, at its base, was divided by a 
ridge of muscle into an outflow tract for the 
aorta and pulmonary trunk, respectively. 
The significance of these variations is not 
known. It would appear that those cases of 
common ventricle with inversion of the 
infundibulum and a definite rudimentar y 
arterial chamber form one group and those 
cases with common ventricle and inversion 
of the infundibulum but without a definite 
arterial chamber form another group. 

There is an additional group of cases with 
either corrected transposition or a common 
ventricle which is associated with absence 
of the spleen and other complex congenital 
anomalies. The anomalies frequently in- 
clude defects in the atrial and ventricular 
septa, transposition of the great vessels, 
severe pulmonary stenosis or atresia, sys- 
temic and pulmonary venous anomalies and 
abnormalities in the position of the heart. 
Partial or total situs inversus may also be 
present. One such patient (K.T.) included 
in this paper (Fig. 8 Z; and 9, 4 and B) is 
from a group of asplenia cases recently 
reported.® Discussion of this syndrome 1s 
bevond the scope of this paper. 


SUMMARY 


The roentgenographic and angiocardio- 
graphic findings in 20 patients with a com- 
mon ventricle and inversion of the infundib- 
ulum are presented. 

The findings in frontal roentgenograms 
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of the thorax are variable. In some cases the 
features are similar to those seen in cor- 
rected transposition (2 ventricles). In other 
cases the configuration of the left cardiac 
border mav suggest either the absence or 
the presence of a small arterial chamber. 

'The importance of separating cases of a 
common ventricle which are inoperable 
from cases of corrected transposition which 
are operable is stressed. Angiocardiography 
is the most definitive method available 
which will allow this differentiation. 


Lewis S. Carey, M.D. 
Department of Radiology 
St. Joseph's Hospital 
St. Paul, Minnesota 55102 
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COR TRIATRIATUM* 
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OR TRIATRIATUM is an uncommon 

congenital cardiac malformation in 
which the left atrium is divided into two 
compartments by a membrane which usu- 
ally obstructs blood flow to the mitral 
valve. This report deals with the anomalous 
membrane and its demonstration by angio- 
cardiography. 


DEVELOPMENTAL CONSIDERATIONS 


The term, cor triatriatum, was first used 
by Borst? in 1905 to describe anomalous 
partition of the /e/t atrium into two parts. 
Tames? has provided a general classification 
of hearts having three atrial compartments, 
and points out that, besides the condition 
involving a divided left atrium discussed 
here, triatrial hearts also include anomalies 
in which the right atrium is divided by 
membranes of several types,‘ in which the 
pulmonary venous blood returns to an 
enlarged coronary sinus, and in which an 
aneurysm or diverticulum arises from either 
atrium. To distinguish among some of 
these entities can be very difficult, even 
with careful necropsy. 

Many workers believe that cor triatria- 
tum is the consequence of stenosis of the 
common pulmonary vein in the fetus.5* 7. 
10,11 Indeed, stenosis or atresia of the com- 
mon pulmonary vein of of individual pul- 
monary veins may be a crucial factor in the 
genesis of all types of anomalous pulmo- 
nary venous connection. 

This common pulmonary vein! first 
appears in early fetal life (27—30 days) as a 
dorsal appendage of the developing atrium, 
arising just to the left of the septum pri- 
mum. Normally, this structure enlarges as 





Fia. 1. Diagrams 4, B, C and D show in sequence the 
normal development of the pulmonary venous con- 
nections to the left atrium. Æ and F diagram- 
matically show how stenosis of the common pul- 
monary vein may lead to formation of an obstruct- 
ing partition in the left atrium (cor triatriatum). 
CPV - common pulmonary vein; LA — left atrium; 
MV-mitral valve; PV-pulmonary vein; LV 
=left ventricle. 


it is joined by the pulmonary veins from 
both fetal lungs, veins which earlier. had 
connections with the anterior cardinal and 
splanchnic venous plexuses. Subsequently, 
this common pulmonary vein becomes 
incorporated into the left atrium as its 
dorsal wall By this mechanism the four 
main pulmonary veins come to join the left 
atrium (Figure 1, 4—D). 

In cor triatriatum, the junction between 


* From the Departments of Radiology and Pediatrics of the Columbia University, College of Enyeicens# & Surgeons and the Cardio- 
vascular Laboratory of the Presbyterian Hospital, New York, New York. 
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the common pulmonary vein and the left 
atrium fails to enlarge or it becomes stenot- 
ic so that the common pulmonarv vein is 
not integrally incorporated into the left 
atrium. As depicted in the diagram (Fig. 
1, E and F), the common pulmonary vein 
enlarges as usual but is separated from the 
original left atrium by a membrane repre- 
senting either the primitive endocardial 
ridges around the orifice of the common 
pulmonary vein or perhaps the fused adja- 
cent walls of the common vein and left 
atrium. Since the pressure is typically 
higher in the dorsal compartment, the 
dividing membrane tends to bulge in the 
direction of the normally formed mitral 
valve. Not unexpectedly, associated anom- 
alies of pulmonary venous connection have 
occurred in about 15 per cent of the re- 
ported cases of cor triatriatum. 

According to this concept of the patho- 
genesis of the maltormation, the left atrial 
appendage and the foramen ovale should 
always be in the wall of the original left 
atrium, Z.e., in that compartment contain- 
ing the mitral valve. Nevertheless, a num- 
ber of cases have been reported in which the 
foramen ovale seemed to be in the wall of 
the more dorsal compartment. Careful 
study of several of these specimens, ^ 71° 
however, has shown that the appearance 
was an illusion caused by the left atrial 
membrane overlapping the interatrial sep- 
tum—at times with actual adhesion —in 
the region of close proximity (Fig. 1). 

Direct communication between this dor- 
sal chamber and the right atrium has been 
described in at least 7 cases. This has been 
interpreted by Edwards’ to be the result of 
persistence of an earlier pulmonary venous 
connection with a portion of the right 
anterlor cardinal venous svstem that was 
incorporated into the right atrium. De- 
pending upon the size of this communica- 
tion and of the opening in the left atrial 
membrane, cases of this type functionally 
resemble total or partial anomalous pul- 
monarv venous return to the right atrium 
or Lutembacher's syndrome (atrial septal 
defect and mitral stenosis). 


. J. Jesse and A. G. Jameson 
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REPORT OF A CASE 

N.M. 7165-76-16. This 212 year old white 
girl was admitted to the Babies Hospital in 
October, 1963 because of acute respiratory dis- 
tress, She was presumed to have chronic lung 
disease, possibly bronchial asthma or cystic 
fibrosis of the pancreas. 

Past History. The infant weighed 4.1 kg. at 
birth and was the fifth child born to a 40 year 
old mother. The family history was noncon- 
tributory. The infant had a congenital disloca- 
tion of the hip which was treated by plaster 
casting for g months. She manifested frequent 
skin rashes in the first year of life which were 
diagnosed as severe atopic eczema. Weight gain 
was slow. 

Present Iliness. Her first respiratory problem 
was bronchopneumonia at 14 months of age 
requiring hospitalization for 2 weeks. Since 
then, the patient had occasional wheezing and a 
frequent dry cough. Profuse perspiration was 
often observed. By the end of the second vear, 
she manifested fatigue and occasionally dyspnea 
with exertion. Diminished exercise tolerance 
was progressive in the 6 months prior to admis- 
sion, and she began having episodes of chest 
pain associated with tachypnea, dyspnea and 
orthopnea. During these periods of acute respir- 
atory distress, she was reported to look “gray” 
without obvious cyanosis. She was treated with 
bronchial dilators and hypo-allergenic diet 
without apparent effect. Unexplained hiccough- 
ing occurred which lasted from a few minutes to 
over an hour. 

Physical Examination. The vital signs re- 
corded on admission were: temperature 99°F., 
pulse 200, respirations 50, blood pressure go/60, 
and weight 11 kg. This small child appeared 
acutely and chronically ill and had grunting, 
shallow breathing. The anteroposterior diam- 
eter of the chest was moderately increased. The 
lungs were clear to auscultation without rales 
or wheezing. No murmurs were audible. The 
pulmonary second sound was accentuated. The 
liver was enlarged. 

Diagnostic Studies. Vhe hemogram and sweat 
electrolytes were normal. Electrocardiograms 
indicated right axis deviation and marked right 
atrial and right ventricular enlargement. A 
chest roentgenogram (Fig. 2) demonstrated 
generalized pulmonary infiltration of the inter- 
stitial type and moderate cardiomegaly with 
enlargement of the right heart and central 
pulmonary arteries. These findings together 
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with prominence of the left atrium particularly 
on an esophagram (Fig. 3) suggested the pos- 
sibility of congenital mitral valve obstruction or 
cor triatriatum. 

Cardiac catheterization recorded a marked 
elevation of the pulmonary artery wedge mean 
pressure to 30 mm. Hg (normal — 10 or less), 
reflecting obstruction of the venous return to 
the left ventricle. Pulmonary arterial hvper- 
tension was severe (110/65 mm. Hg). The right 
ventricular end-diastolic and right atrial mean 
pressures were normal. There was no evidence of 
intracardiac shunting and the peripheral 
arterial oxygen saturation was 95.7 per cent. 

Angiocardiograms after injection of 13 cc. of 
75 per cent hypaque into the pulmonary artery 
via a No. 7 angio catheter, demonstrated huge 
central pulmonary arteries and, by reflux, a 
large hypertrophied right ventricle (Fig. 4). 
When the left atrium opacified, a thin mem- 
brane was seen dividing the left atrium into 
two parts (lig. 5 and 6). The left ventricle and 
aorta were normal. A diagnosis of cor triatria- 
tum with obstruction of blood flow into the left 
ventricle was made. 

Course in Hospital. After the tachypnea and 
tachycardia improved on bed rest and oxvgen 
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Fic. 2. Frontal chest roentgenogram showing ad- 
vanced interstitial pulmonary infiltration due to 
pulmonary edema, small pleural effusions and 
cardiomegaly with enlargement of the right heart 
and central pulmonary arteries. Wideniag of the 
subcarinal angle suggests some left atria! enlarge- 
ment. 


Cor Triatriatum 





Lateral esophagram demonstrates posterior 
displacement due to considerable left atrial en- 
largement. 


I S o8 


therapy, a faint blowing systolic murmur be- 
came audible at the apex which was transmitted 
to the left axilla. It was of variable intensity 
ranging from Grade 1-3/6. After digitalization, a 
soft continuous murmur was heard over the 
left posterior chest. 

Sudden worsening of the clinical status pre- 
cipitated open heart surgery. The right heart 
was found dilated and hypertrophied. The 
internal structures of the opened right atrium 
and coronary sinus were normal. The large 
dorsal compartment of the left atrium was 
entered by way of the interatrial septum and 
the obstructing membrane, 2 mm. in thickness, 
was encountered. This membrane, containing a 
single orifice 2-3 mm. in diameter, was partially 
excised. The foramen ovale was not patent and 
was positioned as shown diagrammatically in 
Figure 1, Æ and F. Apparently considerable 
fusion between the interatrial septum and the 
immediately adjacent left atrial membrane had 
occurred so thar only a tunnel-like space was 
found between the lumen of the left atrial com- 
partment containing the normal mitral valve 
and the left side of the interatrial septum oppo- 


672 





Frontal 


FIG; 4 angiocardiogram demonstating 
marked enlargement of central pulmonary arteries 
and, by reflux, a markedly dilated and hyper- 
trophied right ventricle. 


site the foramen ovale. Five hours postopera- 
tively, the child unexpectedly developed cardiac 
arrest and expired. Necropsy confirmed the 
operative findings and showed the surgical re- 
pair to be excellent. Severe changes were seen in 
the lungs typical of chronic interstitial pulmon- 
ary edema secondary to pulmonary venous 
hypertension. 


In the typical case of cor triatriatum, 
blood flow is exclusively from the dorsal 
(pulmonary-vein-receiving) compartment 
of the left atrium to the more ventral 
(mitral-valve-containing) compartment via 
whatever defect or defects exist in the 
membrane in the left atrium. A sufficiently 
stenotic passage through this membrane 
results in elevated pulmonary venous and 
capillary pressures, pulmonary congestion 
and edema, pulmonary arterial hyperten- 
sion and eventually right heart failure. The 
cardiac catheterization findings in our pa- 
tient are comparable to those in other 
symptomatic patients reported in the liter- 
ature?!16 and imply severe obstruction to 
blood flow somewhere between the pul- 
monary capillaries and the left ventricle. 


K. Ellis, S. P. Griffiths, M. J. Jesse and A. G. Jameson 
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CLINICAL CONSIDERATIONS 

The clinical features Gepend upon the 
size of the opening in the left atrial mem- 
brane, which varies from being so large as 
to never produce symptoms during a 70 
vear lifespan! to being so small that death 
occurs in early life.!? If the ostium is less 
than 3 mm. in diameter, death will gener- 
ally occur in infancy,!! as has been true in 
about half of the approximately £o cases of 
cor triatriatum recorded in the literature. 
Failure to thrive and respiratory distress 
dominate the clinical picture. Significant 
heart murmurs are usually wot heard, and 
consequently congenital heart disease may 
not be promptly considered.'® Because 
pulmonary interstitial edema is often not 
manifested bv rales, congestive heart fail- 


Mic. $. Angiocardiogram + seconds after Figure 4 
showing opacification of the pulmonary veins and 
left heart in ventricular diastole. Note the en- 
larged dorsal left atria! compartment overlying 
the spine and extending to the right, separated by 
i curved membrane (arrows) from the smaller left 
atrial compartment containing the mitral valve. 
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ure may not be diagnosed until late. 
Marked right ventricular hvpertrophv is 
typically found on the electrocardiogram. 
Once congenital heart disease is diagnosed 
-often only after pulmonary edema is 
suspected on the chest roentgenogram 
the differential diagnosis involves particu- 
larly those relatively uncommon malforma- 
tions capable of causing pulmonary edema 
in infancy. These include anomalies of 
pulmonary venous connection with stenosis 
of the common channel above or below the 
diaphragm; congenital mitral stenosis of 
the valvular, supra—or subvalvular tvpes; 
hvpoplasia of the left heart with severe 
aortic stenosis or atresia; and, rarelv, ob- 
structing tumors or thrombi in the left 
atrium,?:1005/15!9 Since differentiation be- 
tween cor triatriatum and primary lung 
disease with cor pulmonale can be so diff- 
cult, we would emphasize the value of the 
pulmonary wedge (capillarv) pressure in 
these problem cases. 

When the opening in the left atrial mem- 
brane is a little larger, from 3 to 6 mm. in 
diameter, most patients survive for several 
vears as in the case reported here. Defect 
sizes above 6 mm. in diameter usually per- 
mit patients to survive to adolescent or 
adult life. Even though the murmurs may 
be unimpressive, the hemodynamic and 
roentgenographic findings in these indi- 
viduals often lead to the diagnosis of mitral 
stenosis. 

About 8 cases!" of cor triatriatum 
have been successfully corrected by sur- 
gical excision of the membrane since this 
feat was first reported in 1926.7??? Even 
when a correct diagnosis is not made until 
the patient is on the operating table, sur- 
gical treatment has often provided excel- 
lent clinical results. 


ROENTGENOGRAPHIC CONSIDERATIONS 


A number of the severely symptomatic 
patients with cor triatriatum have pre- 
sented with chest roentgenograms showing 
pulmonary edema, typically interstitial in 
type, as in the case reported here (Fig. 2). 


Cor Triatriatum 





Fic. 6. Angiocardiogram 0.3 seconds after Figure 4 
in late ventricular systole showing increase in size 
and apparert opacification of the more ventral 
compartment and straightening of the membrane 
(arrow) after closure of the mitral valve. 


Since pulmonary edema is rare in infancy 
and childhood and since infiltration of the 
pulmonary interstitial tissues by other 
processes, such as fibrosis, inflammation, or 
neoplasm, may produce a virtually iden- 
tical appearance in the lung fields, roent- 
genographic diagnosis may be difficult. 
Even an accompanying cardiomegaly could 
be regarded as cor pulmonale secondary to 
primary lurg disease. Nevertheless, the 
possibility of pulmonary edema should be 
considered when interpreting chest roent- 
genograms demonstrating diffuse inter- 
stitial pulmonary density of this type (Fig. 
2). Raising the question of pulmonary 
edema can be of crucial importance in lead- 
Ing to correct diagnosis in this form of con- 
genital heart disease in which there are no 
characteristic heart murmurs. 


Other roentgenographic features in 
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symptomatic patients include usually mild 
to moderate cardiomegaly with prominence 
of the central pulmonary arteries and right 
ventricle consistent with severe pulmonary 
arterial hypertension. An esophagram may 
reveal some posterior displacement of the 
esophagus due to the posterior bulge of the 
tense dorsal compartment of the left 
atrium as in the present case. Enlargement 
of this compartment also may produce a 
double contour on the right heart border in 
the. absence of esophageal displacement.” 
Apparently, however, features of left atrial 
enlargement cannot be recognized in some 
cases. Obviously, certain patients with 
clinical and roentgenographic features con- 
sistent with chronic interstitial pulmonary 
edema and cardiomegaly, in the absence of 
both characteristic mitral murmurs and 
left atrial enlargement, will present chal- 
lenging diagnostic problems. 

Zngiocardiography has been utilized in 
the study of a few of these patients but 
usually has failed to give satisfactory vis- 
ualization of the left side of the heart be- 
cause of severe congestive failure with low 
cardiac output and dilution of the contrast 
material by the relatively large quantities 
of blood in the dilated right heart. One 
case, however, was correctly diagnosed as 
cor triatriatum, but the published angio- 
cardiogram does not clearly demonstrate 
the left atrial membrane. In another case 
cor triatriatum was correctly diagnosed on 
the basis of a small peculiarly shaped and 
positioned left atrium,” but the obstructing 
membrane was not identified. Figures 5 and 
6 in this paper clearly demonstrate the 
obstructing left atrial membrane. Study of 
previous necropsy reports indicates that 
the position and thickness of the membrane 
demonstrated is similar to that in many if 
not most of the other cases. 

Calcifications have been found near the 
openings in the obstructing membrane in 
at least 4 of the symptomatic individuals 
who survived beyond childhood. Though 
the calcification has not yet been identified 
roentgenographically, the utilization of 
image intensification and cine techniques is 
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quite likely to make recognition possible in 
the future. 


SUMMARY 


Angiocardiographic demonstration of a 
membrane clearly dividing the left atrium 
into two compartments in a 244 year old 
child with cor triatriatum is reported. 
Symptoms were due to the obstruction of 
blood flow through the left atrium by this 
membrane. A brief review of the embryol- 
ogy, clinical features and roentgenographic 
findings in this rare but very interesting and 
potentially correctable anomaly is pre- 
sented. 


Kent Ellis, M.D. 
622 W. 168th Street 
New York 32, New York 


The authors would like to express apprecia- 
tion to Dr. Carolyn R. Denning, who referred 
this patient to us, and to Dr. David H. Baker, 
Director of Pediatric Radiology, for permission 
to use Figures 2 and 3. 
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CLINICAL EVALUATION OF SODIUM 
IOTHALAMATE 66.8 PER CENT 
(CONRAY-400) 


By THOMAS R. MARSHALL, M.D., J. T. LING, M.D., and J. BUCHANAN, A.B. 


LOUISVILLE, KENTUCKY 


IE report deals with our clinical ex- 
perience in 1,000 patients with a new 
contrast medium of intermediate iodine 
concentration and extremely low viscosity 
recently made available for use in intra- 
venous urography and intravascular angio- 
cardiography and aortography. This new 
medium, sodium iothalamate 66.8 per cent 
(conray-400), provides a solution contain- 
ing 400 mg. of organically bound iodine per 
milliliter and has a viscosity of 6.7 cps at 
25^ C. (Table 1). Figure 1 shows the chemi- 
cal structure of the basic entity, iothalamic 
acid. We have previously reported our 
experience with two other derivatives of 
iothalamic acid—sodium iothalamate 80 
per cent (angio-conray) and meglumine 
iothalamate 60 per cent (conray).?-* 


CLINICAL STUDIES 
EXCRETORY UROGRAPHY 


Excretory urography using sodium io- 
thalamate 66.8 per cent in doses of 15, 20 
and 25 ml. has been performed on 425 adult 
patients (Table 11). A dose of 21 ml. of 
sodium iothalamate 66.8 per cent is compa- 
rable, in terms of iodine delivery, to a 30 
ml. dose of meglumine iothalamate 60 per 
cent. While doses of 15 and 20 ml. of so- 
dium iothalamate 66.8 per cent proved 
adequate for purposes of diagnosis, the 
manufacturer's recommended dose of 25 
ml. was consistently superior and produces 
a denser pyelogram than that usually ob- 
tained with meglumine iothalamate 60 per 
cent. This can be explained on the basis of 
the higher iodine content of conray-400. In 
our experience the use of abdominal com- 
pression with sodium iothalamate 66.8 per 
cent has also been helpful in those cases 
where greater opacification of the renal 
collecting system is desired. In the majority 


of the patients studied, maximum opacifi- 
cation of the kidney calyces and pelves 
occurred within 3 to 7 minutes after injec- 
tion, very similar to that seen with meglu- 
mine iothalamate 60 per cent. The low 
viscosity of the contrast medium facilitated 
rapid injection, the usual injection time 
being within 1 minute. As might be ex- 
pected when using an agent of higher con- 
centration, a slightly higher number of 
patients experienced vascular burning and 
pain at the injection site. However, there 
were no majcr side effects or fatalities en- 
countered in this series of 425 patients. 


PERIPHERAL ARTERIOGRAPHY 


Peripheral arteriography can be per- 
formed by direct injection into the femoral 
or axillary artery. If only the lower half of 
the extremity 1s to be studied, the injection 
can be made into the brachial or popliteal 
artery. In Figure 2 complete obstruction of 
the subclavian vein is demonstrated using 
25 ml. of sodium iothalamate 66.8 per cent. 
For visualization of an entire extremity, we 
employ 20-35 ml. of the contrast material. 
In a series of 7o patients studied with so- 


Iothalamate 
(Conray) 


OH © 
E: 


| 
CH;—C--N 


Fic. 1. Formula of iothalamic acid. Molecular 
weight—614; iodine content—62 per cent. 
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[odine Content 


Viscosity | ^ 
M eae 
(cps) 


Rate of Iodine 
Delivery (mg./sec.) 


dium tothalamate 66.8 per cent, less vascu- 
lar burning and pain was noted than was 
the case in our previous experience with 











sodium tothalamate 80 per cent. 


TRANSFEMORAL ARTERIOGRAPH Y 


Percutaneous transfemoral arteriography 
using the Seldinger technique’ for thoracic, 
abdominal, and renal arteriography has 
been performed on 300 patients receiving a 
total of 350 injections (Table 11). A San- 
chez-Perez cassette changer or an Elema 
roll film unit was used to make multiple 
renal 


exposures. The most satisfactory 


arteriograms were obtained at the rate of 4 
or 6 films per second for § to 6 seconds. This 
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I. Excretory Urography 


425 
II. Peripheral Arteriography 100 
III. Transfemoral Arteriography 350 
[V. Angiocardiography 408 
Total Injections Lou 
Total Patients L, 


No. of 


No. of 


Injections Patients 
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COMPARISON OF SOME COMMON CONTRAST MEDIA 
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allows sufficient time to obtain a satisfac- 
tory nephrogram phase. Twenty to 30 ml. 
of contrast medium per injection was em- 


ploved. This was delivered to the site to be 


lic. 2. Antecubital vein injection of 40 cc. sodium 


OOO 
vena caval obstruction. 


iothalamate 66.8 per cent demonstrating superior 
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Fic. 3. (4) Excretory urogram. There is 
a soft tissue shadow suggestive of a 
mass (arrow). (B) Transfemoral renal 
arteriogram using 2§ cc. of sodium 
iothalamate 66.8 per cent shows avas- 
cularity of the mass (arrow). (C) 
Nephrographic phase also shows avas- 
cularity of the mass (arrow). At sur- 
gery, a cyst was removed. 
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opacified through a No. 3 Odman-Ledin 
catheter (yellow), 88 cm. length, or a .066”’ 
L.D. Teflon catheter (Fig. 3, 4, B and C; 
and 4). The Marshall automatic pressure 
injector between 240 to 280 l|bs./in.? hy- 
draulic pressure was employed for this 
series of patients. This is equal to a gauge 
pressure between 60-70 lbs. /in.?, since a 4 
to 1 mechanical advantage is obtained. 

Comparison of the side effects and re- 
sponse to the injection of identical amounts 
of the two concentrations of sodium iothala- 
mate in the same patient using the same 
technique has shown slightlv less density 
with the 66.8 per cent compound and a 
lower incidence of vascular burning and 
back pain (Fig. 5) (Table 111). It is sug- 
gested that for angiocardiography and 
aortography the same dosage schedule 
recommended for sodium iothalamate 80 
per cent be utilized with the 66.8 per cent 
compound (Fig. 6). 

Percutaneous transfemoral renal arteri- 


Fic. 4. lTransfemoral renal arteriogram shows 60 
per cent stenosis of the right renal artery (arrow ). 
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lic. s. Renal cell carcinoma of the right kidney 
demonstrated with 25 cc. of sodium iothalamate 
66.5 per cent. 


ography is being increasingly used to study 
hypertension in preference to the translum- 
bar method.' Recently, another method for 
performing aortography and renal arteriog- 
raphy has been reported which is sate and 
simple to perform.*:4 
ANGIOCARDIOGRAPH Y 

Angiocardiography by injection into a 
large peripheral vein or by means of direct 
catheterization of the heart has been per- 
formed in 204 patients receiving 408 injec- 
tions of sodium iothalamate 66.8 per cent 
(Table 11). The doses employed have ranged 
from 20 to 80 ml. per injection. The density 
of the contrast material is felt to be almost 
as great as that obtained with sodium 
iothalamate 80 per cent. This is due to the 
lower viscosity and resulting faster flow 
rates through the catheter (Table 1). 

A compound of this iodine content is of 
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SIDE EFFECTS—TRANSFEMORAL ARTERIOG- 
RAPHY (SELDINGER TECHNIQUE) 



































Contrast Medium 
Sodium | Sodium 
Side Effects lothala- | lothala- 
mate mate 
66.8% 80% 
Nausea 3.0% 2.007 
Vomiting 2.0% | 2 oO 
Back Pain 
(same pressure used) 70.0% 85.0% 
Slight | 100.0% | 100.0% 
Vascular Burning —— —————— 
Moderate | 91.0% 98.0% 
Urticaria |. V7 1.4% 
Vascular Collapse | 0.097 0.0% 
No. of Patients 300 | 300 


particular importance in pediatric angio- 
cardiography where the patients are much 
smaller and less density is required. A lower 
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incidence of vascular burning and other 
common side effects has been noted in 
comparison to sodium iothalamate 80 per 
cent and no serious complications were 
encountered in this series. 

On very poor risk patients or patients 
with marked cyanosis, it would appear that 
sodium iothalamate 66.8 per cent or com- 
pounds with an iodine content lower than 
46 to 48 per cent should be employed (Fig. 


6). 


DISCUSSION 


In our experience 1,283 injections of 
sodium iothalamate 66.8 per cent in 1,000 
patients have been extremely well tolerated 
and no fatalities have occurred. The minor 
and major side effects during intra-arterial 
injection have been low and are felt to be 
lower than those experienced with other 
common contrast agents of similar iodine 
content. 

The low viscosity of sodium iothalamate 
66.3 per cent permits a more rapid rate of 
injection which gives a better bolus of the 
contrast agent; also with intravenous injec- 
tions 1t decreases the chances of extravasa- 


tion into the soft tissues. Several cardiac 
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Fic. 6. Bilateral pulmonary infarcts (arrows) with complete occlusion of the 
superior division of the pulmonary artery to the right upper lobe. 
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arrhythmias have occurred in cardiac stud- 
ies when sodium iothalamate 66.8 per cent 
was used, but these have been minor and 
have responded satisfactorily to treatment. 
Stimuli from the catheter or the forceful 
injection of contrast material may account 


for this. 


SUMMARY 


Sodium iothalamate 66.8 per cent has a 
low viscosity and an excellent rate of iodine 
delivery. It has a low degree of pharmaco- 
logic toxicity and a high degree of patient 
safety. 

It is a satisfactory medium for excretory 
urography, particularly when a greater 
density and contrast are required; periph- 
eral arteriography; angiocardiography; and 
aortography. It is not recommended for use 
in cerebral angiography. 

Thomas R. Marshall, M.D. 
Department of Radiology 
University of Louisville 
School of Medicine 


323 E. Chestnut Street 
Louisville, Kentucky 40202 
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INFLUENCE OF LOW MOLECULAR WEIGHT 
DEXTRAN ON VASCULAR AND INTRA- 
VASCULAR RESPONSES TO 
CONTRAST MEDIA* 


By MARY P. WIEDEMAN, Pu.D. 


PHILADELPHIA, PENNSYLVANIA 


ICROSCOPIC observations of blood 

vessels and blood cells during and 
after intravascular injections of radiopaque 
materials in the living animal revealed that 
a complicity of events was responsible for 
impaired blood flow.® Circulatory stasis did 
not occur in all experimental animals, nor 
were the adverse responses uniform 
throughout subcutaneous vascular beds in 
any individual animal. However, in proper 
combination and time sequence, red blood 
cell aggregates, platelet clumps, and vaso- 
constriction were seen to effectively block 
arterial distribution and sometimes venous 
return from one or more areas in the wing of 
the unanesthetized bat. 

Protection against undesirable circula- 
tory responses had been sought by some 
investigators? who utilized low molecular 
weight dextran, a material thought to re- 
verse intravascular agglutination of red 
blood cells. Bernstein and Evans! found 
that animals premedicated with LMwD 
(low molecular weight dextran) could with- 
stand large doses of contrast materials that 
were lethal in control animals. They attrib- 
uted the protection to a reduction in the 
formation of red blood cell aggregates. 
Garber and Read? demonstrated protection 
against pulmonary vascular effects of radio- 
paque solutions with LMwD, but the same 
degree of protection was achieved with high 
molecular weight dextran, whole blood, and 
saline. The mechanism in this case was 
attributed to hypervolemia. 

The present study, using direct visualiza- 
tion of blood vessels, was planned in an 
effort to resolve differences of opinion re- 
garding the way in which LMwD reduces 


adverse circulatory responses to contrast 
materials. Further, there is no agreement as 
to which of several vascular and intravas- 
cular changes resulting from injections of 
contrast materials are most damaging to 
the circulation. This might also be clarified 
by direct observation of vessels and flow 
during and after intra-arterial injections of 
radiopaque agents. 

Microscopic observations of vascular 
beds in the wing of the unanesthetized bat 
have been made during intra-arterial and 
intravenous infusion of LMwD and during 
intra-arterial injections of urokon and 
ditriokon. Observations of cellular and 
vascular responses were made while urokon 
was injected intra-arterially into an animal 
pretreated with LMwD, and when LMwD 
was injected into an animal whose circula- 
tion had been damaged by intra-arterial 
injections of tri-iodobenzoates. 

METHOD 

A small brown bat was placed in a holder 
with one wing extended over a glass plate 
and held in place by spring clips. A finely 
drawn glass cannula, attached to a syringe 
by polyvinyl tubing, was introduced into 
one of the major arteries of the wing. Solu- 
tions were then injected against the arterial 
flow up to arterial branches which then 
distributed the material through the arte- 
rial network. For intravenous injections, a 
cannula was introduced into the tail vein. 
Denervation of wing vessels was accom- 
plished by section of the nerve which ac- 
companies the main artery entering the 
wing. 

Blood pressure was determined by re- 


* Supported in part by Grant HE 02880-08 from the National Heart Institute, U. S. Public Health Service, 
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placing the syringe of the arterial cannula 
with a Statham strain gauge attached to a 
recorder. 

Optical magnifications of 400 X and 1,200 
X were used for microscopic observations 
and measurements of vessel diameters were 
made with an eye-piece micrometer. 


RESULTS 
A. ACTION OF LOW MOLECULAR 
WEIGHT DEXTRAN 

Before testing LMwD as a protective 
agent, it was necessary to determine 
whether it had a direct effect on blood ves- 
sels and cells when injected into the arterial 
How. 

A slight increase in arterial diameters was 
noted immediatelv after a bolus of LMwD 
was injected retrograde into a cannulated 
artery. In a few minutes the diameters were 
again the same size as before the injection. 
Also, during this period of slight dilatation, 
it was noted that the vessels exhibited nor- 
mal vasomotion, indicating that contractile 
activitv of the vascular smooth muscle had 
not been inhibited bv LMwD. Red blood 
cells were unaffected by direct contact with 
LMwD. 

Low molecular weight dextran was in- 
fused slowly into the tail vein of the bat 
until the equivalent of 100 ml./kg. had been 
delivered. Diameters of arterial vessels 
were measured before, during, and after the 
infusion. In a number of animals, arterial 
blood pressure was recorded continuouslv 
during the same time interval. It was found 
that the diameters of the main arterv, a 
major branch of this vessel, and an arterio- 
lar branch became larger in some animals 
following the infusion and in others became 
smaller, while some showed no change in 
either direction. 

The pressure in the main artery began to 
rise shortly after the infusion of LMwD 
had begun and continued to rise, reaching a 
maximum elevation in about 10 minutes. In 
14 trials in 8 animals, the average increase 
In pressure was almost 50 per cent above 
the control pressure. The elevated pressure 
was not maintained and 30 minutes after 
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the injection of dextran the pressure had 
slowly drifted back toward the control 
value. 

It has not been possible to measure the 
velocitv or volume of blood flow to the wing 
during this time, but it appeared to the 
observer that flow was more rapid through 
the major artery and its branches. Blood 
How was also more rapid through some 
vascular beds that had sluggish flow previ- 
ous to the intravenous injection. This is 
admittedly a very subjective observation. 


B. ACTION OF CONTRAST MEDIA 


Vascular and intravascular responses in 
the wing of the living bat to intra-arterial 
injections of various contrast media have 
been described in an earlier publication.’ 
Sodium acetrizoate (urokon) and sodium 
diatrizoate with sodium diprotrizoate (di- 
triokon) had been shown to crenate red 
blood cells, produce aggregations of red 
blood cells and platelets, damage the endo- 
thelial lining of vessels as evidenced by the 
adherence of leukocytes to vessel walls, and 
to cause an initial vasodilatation that was 
followed in Io to rz minutes by intense 
vasoconstriction of some of the vessels 
whose walls had been in direct contact with 
the bolus of injected material. Not all of 
these responses were seen in every animal. 
In the present study, no arterial constric- 
tion occurred in 5 of 14 animals injected 
with urokon nor in 5 of to animals injected 
with ditriokon. Crenation of red blood cells 
was seen in all of the animals and red blood 
cell aggregates alwavs formed, most fre- 
quently at the orifice of an arterial branch 
(Fig. 1). Platelet clumps were noticed in the 
large veins in many instances, and leuko- 
cytes as well as platelets were frequentlv 
seen lining the walls of vessels, particularlv 
those receiving large quantities of contrast 
medium unmixed with blood (Fig. 2). Ve- 
nous stasis frequently developed in small 
veins after which venous return from more 
distallv located areas took an alternate 
route. It is interesting that flow through 
capillary nets was impaired only when 
arterial inflow or venous outflow was 
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in large numbers, some arterial vessels 
showed constriction, and red blood cell 
aggregates were for med primarily at arte- 
rial branches. In spite of these adverse re- 
sponses, the flow of blood through the 
vessels was usually rapid and continuous 
regardless of the relatively abnormal ap- 
pearance of vessels and cells. The red blood 
cel. aggregates were not successful in im- 
pedin ig flow to any great extent, nor were 
the irregular constrictions of the arterial 
acd The vessels appeared to be com- 
pletely filled with rapidly flowing blood. 


D. ACTION OF LOW MOLECULAR WEIGHT DEXTRAN 
IN ANIMALS PRE-INTECTED WITH CONTRAST 
MEDIA 

Having demonstrated that previously 
injected LMwD could modify impedance to 
blood flow ordinarily produced bv contrast 
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liG. 1. An aggregation of crenated red blood cells in 
an arterial vessel following intra-arterial injection 
of urokon. 


blocked. Arterial inflow was reduced more 
often bv local sites of vasoconstriction than 
by blockage of a vessel by a red blood cell 
aggregate or platelet clump (Fig. 3). When 
flow was impeded by a reduction in the 
lumen of an arterial vessel, red blood cell 
aggregates formed more readilv and stuck 
in constricted vessels, thereby occluding 
them completely. If the flow remained 
steady, a eee and clumps were soon 

washed away. They were not seen to block 
How jn capillaries: 


LI 
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C. ACTION OF CONTRAST MEDIA IN ANIMALS 
PRETREATED WITH LOW MOLECULAR 
WEIGHT DEXTRAN 

Fight animals were pretreated with 
intravenous infusion in the tail vein of 
LMwD before introducing a bolus of either | " 
ditriokon or renografin 60 per cent into the [a | -—O CUT M 
wing. As in untreated animals, red blood lig. 2. Adherence of leukocytes on the wall of an 
cells were crenated, platelet clumps were arterial vessel following intra-arterial injection of 
seen, leukocytes adhered to the arterial walls urokon. 
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media, the procedure was reversed to see 1f 
an intravenous injection of LMwD could 
improve flow through areas that had been 
damaged by intra-arterial injections of 
contrast materials. After urokon injections 
into the main arteries of 6 animals and 
ditriokon injections in 6 others had pro- 
duced the adverse responses as described, 
LMwD was injected into the tail vein. 
Although the subsequent injection of dex- 
tran did overcome stasis in some of the 
venous vessels and initiated the more rapid 
passage of blood through some arterial 
vessels, constriction of vessels was not over- 
come nor were aggregates of red blood cells 
and platelet clumps broken up. Blood flow 
was improved in 8 of the 12 animals in areas 
where previous disruption of flow was mini- 
mal. If circulation was badly impaired by 
the combination of intense local constric- 
tion and large cellular aggregates at the 
constricted sites, LMwD was ineffectual in 
overcoming the resulting stasis. 


E. DENERVATION OF WING VESSELS IN ANIMALS 
PRE-INJECTED WITH CONTRAST MEDIA 

It has been shown that section of the 
nerve which enters the wing adjacent to the 
major artery and vein results in a 29 per 
cent increase in the diameter of the major 
artery and a 27 per cent increase in the 
diameter of its branches.? Such an increase 
in diameter with a concommitant increase 
in blood volume could presumably help to 
overcome impaired flow caused by radio- 
paque agents and hasten the return to 
control conditions. Red blood cell aggre- 
gates and platelet clumps could be washed 
away more readily. 

After intra-arterial injections of ditrio- 
kon or urokon had produced their usual 
effects, the wing vessels were denervated by 
section of the nerve which accompanies the 
major vessels. The immediate response was 
an increase in diameter of the arterial ves- 
sels and an apparent increase in the volume 
of blood flowing into the wing. However, 
previously constricted portions of some 
vessels staved constricted, indicating that 
contraction of vascular smooth muscle seen 
after an injection of a tri-iodobenzoate is a 
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Fic. 3. Local vasoconstriction of a small artery 
following an intra-arterial injection of ditriokon. 


local rather than a central event. Further, 
injection of contrast material into the 
denervated arterial vessel caused constric- 
tion in local areas, although flow through 
the wing was not markedly impaired. Red 
blood cells formed aggregates which 
plugged arterial outflow, but were quickly 
washed away. 

These findings substantiate Garber and 
Read's? suggestion that hypervolemia is an 
important means of overcoming untoward 
side effects of contrast materials or hyper- 
tonic solutions. 


DISCUSSION 

Microscopic observations of circulating 
blood and vessels revealed that while 
LMwD afforded some protection to the 
circulation against the toxic effects of con- 
trast media, the individual adverse re- 
sponses to these materials were still present. 
The manner of protection was not made 
clear from these studies, although much of 
the evidence favors Garber and Read's? 
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report that LMwD has no specific effect 
but contributes to marked increase in blood 
volume which effectively forces red blood 
cell aggregates through distended vessels. 

In these experiments, the change in ves- 
sel diameters after the intravenous infusion 
of LMwD was not consistent, and neither 
normal spontaneous changes in the size of 
the arterial vessels nor venous vasomotion 
were inhibited, indicating that LMwD did 
not interfere with the contractile activity of 
the vascular smooth muscle and was in no 
sense a vasodilator. Similarly, LMwD did 
not prevent the development of local arte- 
rial constrictions usually produced by injec- 
tions of radiopaque materials. Therefore, it 
is concluded that LMwD does not inhibit 
the activity of vascular smooth muscle. 

LMwD did not seemingly afford any 
protection to the endothelial lining of blood 
vessels. Events associated with damaged 
endothelium occurred although the animal 
had been premedicated with dextran. The 
adherence of leukocytes along the vessel 
lumen as well as the adherence of platelets 
in large clumps was the same after a bolus 
of contrast medium in animals whether 
they had previously been infused with 
LMwD or not. 

No differences were seen in the responses 
of red blood cells to direct contact with 
ditriokon or urokon after infusion of 
LMwD. The red blood cells became cre- 
nated as before and continued to stick to- 
gether in large clumps, building up at sites 
where flow was impeded. The formation of 
aggregates at the orifices of arterial 
branches blocked blood flow into the areas 
beyond. The aggregates seemed, however, 
to be broken up and washed away more 
quickly in animals pretreated with LMwD 
than in untreated animals. Platelet clumps 
were seen in the circulating blood, most 
often in the large veins. These observations 
suggest that the cellular elements of blood 
are still adversely affected by their contact 
with contrast media in spite of the presence 
of LMwD in their environment. LMwD 
may lower the viscosity of blood, and 
thereby make passage of aggregates easier, 
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but it does not prevent their formation. 

The increased blood pressure recorded in 
the present studies most likely resulted 
from an increase in volume of circulating 
fluid. LMwD has been shown to increase 
blood volume when infused.? It is a hyper- 
tonic solution, exerting an osmotic pressure 
higher than that of blood. The slow devel- 
opment of maximum blood pressure in the 
main artery of the wing following intra- 
venous dextran can be explained on the 
basis that time 1s required for this hyper- 
tonic solution to exert its full osmotic effect. 

Denervation of wing vessels was effective 
in overcoming the vascular and intravascu- 
lar responses to contrast media by simply 
increasing blood volume going to the dam- 
aged areas. 


SUMMARY 


Several conclusions can be drawn from 
these direct observations regarding the 
damage to circulation by tri-iodo benzoates 
and improvement in circulation by infusion 
of LMwD. Impairment of circulation from 
an intra-arterial bolus of urokon or ditrio- 
kon depends on direct contact of these con- 
centrated solutions with blood. vessel walls, 
blood cells, and platelets. In a vascular bed 
with an initially poor blood flow or one that 
develops sluggish flow from blockage of 
some of its vessels by red blood cell aggre- 
gates or platelet clumps, prolonged stasis 
may develop unless flow into the area can be 
maintained. Blockage of vessels is most 
likely to occur in a constricted vessel or at a 
junction of vessels. Maintenance of flow 
can be aided by increasing the circulating 
volume with the addition of a solution such 
as low molecular weight dextran, which 
does not enhance the undesirable condi- 
tions that are produced by intra-arterial 
injection of radiopaque materials. 
Department of Physiology 


Temple University School of Medicine 
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THE AIR-GAP TECHNIQUE; AND AN IMPROVEMENT 
BY ANTEROPOSTERIOR POSITIONING FOR 
CHEST ROENTGENOGRAPHY 


By FRANK I. JACKSON, M.B., Cu.B., D.P.H. 


EDMONTON, ALBERTA 


N THE recent literature considerable 

attention has been paid to the pulmo- 
nary vasculature in the assessment of such 
conditions as mitral stenosis, left ventricu- 
lar failure, emphysema and pulmonary 
collapse.?^* Any method that shows the dis- 
tribution, caliber and tapering of the vessels 
from the hilus to the periphery of the lungs 
more clearly than the routine chest roent- 
genogram is therefore of value. A simple 
method, referred to as the air-gap tech- 
nique, ^? has been employed with satisfac- 
tory results. In general, the pulmonary 
vessels are better delineated than in the 
routine chest roentgenogram, and the 
arborization is easier to follow. 

The chest mav be divided into three 
parallel planes—anterior, middle and pos- 
terior— with respect to the cassette. There 
will be a difference in the degree of sharpness 
of the structures in each plane on resulting 
roentgenograms. When the chest is moved 
away from the film and the roentgen-ray 
source is set further back, the difference in 
sharpness between the three planes be- 
comes less. Compared with a routine roent- 
genogram, that part of the chest closest to 
the cassette becomes more blurred and that 
part of the chest farthest away becomes less 
blurred. The mid chest remains virtually 
unchanged. The air-gap  roentgenogram 
may then be considered as a “mid chest 
laminagram." It has also been found that 
the anteroposterior positioning is preferable 
to the posteroanterior one, possibly due to 
alteration in "laminagraphic depth." The 
mathematics of this technique have been 
calculated by Watson.? 

The air-gap roentgenogram is of greater 
value than the overpenetrated grid roent- 
genogram, as there are no grid lines to inter- 
fere with the interpretation of the film. The 


air gap of 6 inches (15 cm.) acts as a filter. 
The kilovoltage was raised to 120 kv. since 
lower figures were found to give inadequate 
penetration, and it has been shown that the 
use of these higher voltages reduces the 
patient dose.*” 

Anteroposterior air-gap roentgenograms, 
as well as posteroanterior air-gap roent- 
genograms, were taken for comparison with 
routine posteroanterior roentgenograms 
and it was found that the anteroposterior 
view gives an even better appreciation of 
the peripheral branches than the postero- 
anterior air-gap view. As the magnification 
factor has been almost eliminated, the 





Fic. I. 


A drawing of the frame, 
indicating its dimensions. 
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liG. 2. (4) The frame is ready for use. 
(B) The patient is positioned against 
the frame for a posteroanterior roent- 
genographic study. (C) The patient is 
positioned for an anteroposterior 
study. 
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Fic. 3. Anteroposterior air-gap roentgenogram of a 
patient with mitral stenosis. Note the clarity of 
the vascular pattern. 


posteroanterior and anteroposterior air-gap 
roentgenograms may be directly compared 
with the routine posteroanterior roentgeno- 
gram. 





Fic. 4. Anteroposterior air-gap roentgenogram of a 


patient with polycythemia and pulmonary ple- 
thora. Theevascular pattern is well shown. 
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TECHNIQUE 

The roentgen-rav tube is placed 10 feet 
(approximately 3.05 meters) from the pa- 
tient. The patient stands in front of a 
frame, 6 inches (15 cm.) from the roentgen- 
ray cassette (Fig. 1; and 2, Z, B and C). 

Most adults require an exposure of 300 
ma. at 120 kv. and 1/40 second; infants and 
children require an exposure of 300 ma. at 
I IO kv. and 1/60 second. 


ADVANTAGES 


1. The outstanding advantage of the 
technique is the clarity with which the 
main and peripheral blood vessels are dem- 
onstrated (Fig. 3 and 4). 

2. It is easier to position babies and 
children with. the frame than for routine 
roentgenograms. 

3. The trachea and main bronchi are 
often visualized with remarkable clarity. 

4. Bullae not shown on routine or lam- 
Inagraphic studies may be demonstrated 
Cries Ey, 

5. Retrocardiac vessels in children are 
often well shown (Fig. 6). 

6. The magnification factor has been 
almost eliminated by moving the roentgen- 





Fic. 5. Anteroposterior air-gap roentgenogram show- 
ing bulla in right mid-zone not seen on routine 
roentgenograms or laminagrams. 


ray tube 10 feet from the patient; therefore, 
anteroposterior and posteroanterior roent- 
genograms can be compared. 

7. The technique, once established, is 
remarkably constant. 

8. The cost of the apparatus is minimal. 

g. Grid lines are eliminated. 


DISADVANTAGES 


1. Soft pulmonary infiltrates and small 
calcified densities tend to become obliter- 
ated. However, since the "air-gap roent- 
genogram” is an additional study, this is 
not too important. 

2. In the anteroposterior view it is rather 
difficult to get the scapulae out of the way. 
Proper positioning is important. 

3. A patient with a wide chest is most 
dificult to fit on the frame. In case of 
doubt, it is wise to place the cassette cross- 
wise. 


DISCUSSION 


A comparison with conventional lamina- 
grams reveals that the air-gap technique 
does not yield pictures as good as the 
former, but, in general, the vascular pat- 
tern is well shown. 

In hospitals with laminagraphic equip- 
ment, the use of the air-gap technique may 
avoid unnecessary laminagraphy; it may be 
of greater value in hospitals without lamin- 
agraphic apparatus, where assessment of 
pulmonary vasculature is made on plain 
roentgenograms. 


SUMMARY 


A method of air-gap technique for chest 
roentgenography has been described. The 
advantages and disadvantages are dis- 
cussed. It is felt that this method has a 
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liG. 6. Posteroanterior air-gap roentgenogram of a 
normal child's chest showing retrocardiac vessels. 


place in the roentgenologic examination of 
the chest. 
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PULMONARY THROMBOEMBOLISM —THE CASE 
FOR THE PULMONARY ANGIOGRAM 


GETAL comprehensive reviews9/21,25 
document the high incidence, the sig- 
nificant mortality and the frequent failure 
of diagnosis of pulmonary thromboem- 
bolism. Coon and Willis extrapolating 
from their experience at the University of 
Michigan Hospital, suggest that pulmonary 
thromboembolism may be the sole cause of 
death of 47,000 persons annually in the 
United States (1959) and a contributing 
factor in three times as many more deaths. 
Short?! found that pulmonary thromboem- 
bolism was the most common pulmonary 
disease in a general hospital in Great 
Britain, and Stein e£ al.” report it as the 
most frequent pulmonary disease diagnosed 
in their radiology department (Graduate 
Hospital, University of Pennsylvania). 
Towbin® found that pulmonary thrombo- 
embolism demonstrated at postmortem ex- 
amination was unsuspected from the clini- 
cal findings in the majority of cases. Also, 
despite extensive use of therapeutic and 
prophylactic procedures, such as early am- 
bulation, venous ligation and anticoagu- 
lant therapy, the morbidity and mortality 
due to thromboembolism in general and 
pulmonary thromboembolism in particular 
over a period of years remain unchanged.’ 

Progress in the control of this disease, as 
usual, must depend on more basic knowl- 
edge of the cause and natural history 
coupled with a facility for recognition and 
diagnosis at a stage when treatment is ef- 
fective. The fundamental mechanism of 
venous thrombosis is still incompletely un- 
derstood and is the subject of continued 
study, particularly in relation to the proc- 
esses of blood clotting and lysis and the 


effects of natural fibrinolytic agents.? More 
pertinent to the present discussion, how- 
ever, are the immediate and long-term ef- 
fects and the fate of pulmonary thrombo- 
emboli. Since the description of Virchow,” 
it has been known and easily understood 
that a massive embolus can so obstruct the 
pulmonary trunk and/or its branches as to 
mechanically interrupt the circulation and 
cause rapid or sudden death due to de- 
creased peripheral blood volume and/or 
right heart failure. Not so clearly under- 
stood, however, is the fate of smaller em- 
bolizations following which the patient sur- 
vives for a considerable length of time or 
recovers entirely. Furthermore, some pa- 
tients succumb rapidly following the lodg- 
ment of an embolus entirely too small to 
significantly obstruct the circulation, and 
in others, a series of small emboli appears 
to trigger a process which leads to perma- 
nent pulmonary arterial hypertension, cor 
pulmonale and death. | 

In an effort to answer some of these per- 
plexing questions, animal experiments may 
be cited, although the extent that these 
can be extrapolated to the patient is unde- 
termined. Allison e£ 27.,! using dogs, found 
that a single large embolus sufficient to par- 
tially occlude both pulmonary arteries is 
well tolerated without detectable distress 
of any kind. The embolus starts to resolve 
in one day and is completely absorbed in 3 
weeks leaving slight if any detectable 
change in the pulmonary endothelium. 
Dexter and Smith? found that an occlusion 
by repeated embolization of two-thirds or 
more of the cross-sectional area of the lobar 
arterial branches in the dog was necessary 
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to produce even incipient pulmonary hv- 
pertension and that the obstruction was 
apparently entirely mechanical without 
evidence of arterial spasm. On the other 
hand, the embolization of the precapillary 
arterioles produced incipient pulmonary 
hypertension when a relatively small pro- 
portion of the total number of such vessels 
was occluded. This observation could best 
be explained on the basis of arterial spasm 
of the nonoccluded arterioles. In other 
words, the site as well as the extent of the 
embolic obstruction is important, and ob- 
struction of the pulmonary arterioles ap- 
pears to be particularly crucial. 

Routine postmortem examinations, al- 
though potentially a source of much valu- 
able information, frequently fail to include 
an adequate exploration of the pulmonary 
vascular system for evidence of old or re- 
cent embolization. Embolism of the larger 
arteries, with or without infarction, is a 
common finding, but embolism of the 
smaller arteries and arterioles and particu- 
larly the extent of such involvement may 
be missed and requires injection techniques 
for proper evaluation.^!? Evidence of “‘re- 
canalization" is frequently mentioned but 
usually without a statement of its extent 
in relation to the entire vasculature of the 
lung or its possible effects on pulmonary 
blood flow. Also, the extent to which re- 
canalization is followed by a complete 
restoration of the arterial lumen seems un- 
certain. In one case cited by Allison e£ al., 
a medium-sized artery containing thrombus 
material was organized so as to reduce the 
artery to a fibrous cord. However, in a case 
cited by Torrance! in which clinical and 
roentgenographic evidence indicated mas- 
sive embolization, postmortem examination 
some years later showed a normal pul- 
monary vascular system. Korn e al. found 
bands and webs and ribbon-like structures, 
either singly or forming a network in the 
secondary and tertiary arteries, as a result 
of embolization. These may be so few as to 
be insignificant or so extensive as to pro- 
duce permanent increased pulmonary re- 
sistance and fatal cor pulmonale. These au- 
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thors believe that many emboli lyse rapidly 
and disappear where others recanalize and 
may leave telltale bands and webs which 
incidentally may be easily overlooked. Cer- 
tainly, the relationship of the reaction of 
the pulmonary vascular system to repeated 
embolization and its relationship to the 
onset of irreversible hypertension need 
much more documentation, a considerable 
part of which must come from more careful 
postmortem studies using special injection 
and roentgenographic techniques.* ?:!? 

Radiologists can confirm that pulmonary 
infarction is common in association with 
heart disease and any condition that im- 
pairs or slows the pulmonary circulation, 
but it seems inconsistent that such impair- 
ment is the sole factor in infarct produc- 
tion. Postoperative and postpartum in- 
farcts occur in otherwise healthy young 
people without clinical evidence of pulmo- 
nary congestion or heart disease. These in- 
farcts are rarelv as distinct or dense as 
those accompanying chronic passive con- 
gestion of the lungs. Furthermore, thev 
clear much more rapidlv. These observa- 
tions have led to the apt use of the term 
"incomplete or abortive infarct" by Hamp- 
ton and Castleman.? One might well ask 
the question: Is this tvpe of infarct associ- 
ated with some sort of fibrinolytic activity 
that provides rapid relief of the obstruction 
with resultant minimal damage? 

The incidence of infarction following em- 
bolization is difficult to determine since 
even in postmortem material many emboli 
are overlooked. Dexter and Smith,’ after a 
careful postmortem study, stated that less 
than 1o per cent of emboli give rise to in- 
farcts histologically and even fewer are de- 
tected clinically. However, the experience 
of Stein e£ a/.” with chest roentgenograms 
and proven emboli suggests that 25 to 30 
per cent may be followed by definite shad- 
ows suggestive of infarction. Certainly, 
however, infarction is one of the less com- 
mon manifestations of pulmonary thrombo- 
embolism. 

Given the liberty and support of a few 
suppositions and deductions, same of which 
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can be proven by animal experimentation, 
an integrated account of the effects of pul- 
monary thromboembolism can be drawn 
as follows: The normal pulmonary arterial 
system tolerates a single embolus with oc- 
clusion of even a major branch of one pul- 
monary artery with very little disturbance 
in circulatory dynamics and minimal clini- 
cal signs and symptoms. The embolus dis- 
appears rapidly by lysis probably due to 
fibrinolytic agents in the blood, and within 
a short time the site of the embolization 
has returned to normal. Rapidly recurring 
embolization, however, with occlusion of 
approximately two-thirds or more of the 
cross-sectional area of the major pulmonary 
arteries will be followed by hypertension, 
signs of right heart strain, dyspnea and 
peripheral O; unsaturation. Where the pul- 
monary vascular system has already been 
severely compromised, even a small fur- 
ther embolization may produce sudden 
death, and even a lesser extent of embo- 
lization may produce extensive disturbances 
in persons with chronic pulmonary disease, 
such as emphysema. In certain instances, 
because of poorly understood clotting mech- 
anisms, embolization is followed by exten- 
sive thrombosis sufficient to occlude large 
volumes of the arterial system. Also, the 
mass of thromboembolus is no longer sus- 
ceptible to lysis but must regress by slow 
recanalization. This latter process may 
leave the pulmonary vascular system per- 
manently narrowed and obstructed, and 
this may be followed by chronic pulmonary 
hypertension and even fatal cor pulmonale. 
Thromboembolism of the more peripheral 
arterial branches and particularly of the 
precapillary arterioles is dangerous and may 
cause pulmonary hypertension out of pro- 
portion to the number of vessels occluded, 
suggesting a superimposed element of 
spasm. Infarction is relatively infrequent 
with any of the above-mentioned processes 
unless chronic passive congestion is also 
present. Considerable evidence has accu- 
mulated that showers of arteriolar emboli 
may trigger the onset of pulmonary hyper- 
tension with extensive changes in the pul- 
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monary vasculature. This latter condition 
is particularly dangerous because it may 
progress to an irreversible stage before it is 
recognized.*!° 

As radiologists, we are indebted to a num- 
ber of our predecessors and contemporaries 
for extensive and painstaking descriptions 
of the manifestations of pulmonary throm- 
boembolism as seen on conventional chest 
roentgenograms. It is obligatory that we 
study these contributions in great detail 
and incorporate them into our daily prac- 
tice. The recognition of the various aspects 
of pulmonary infarction is a considerable 
undertaking. However, we should recognize 
that this is only a relatively minor manifes- 
tation of pulmonary thromboembolism. We 
should give close attention to those findings 
that have been outlined in the articles of 
Carroll? Hanelin and Eyler,” the later con- 
tributions of Goodwin e 2/.? and the fine 
recent monograph by Torrance.4* Much 
more attention must be given to changes in 
the pulmonary artery shadows as seen in 
the hilus, to reticulated shadows due to 
collateral circulation, and to radiolucent or 
avascular areas in the lung.?? Also, we 
should look for minor changes in the cardiac 
contour suggestive of right ventricular en- 
largement. We should be just as assiduous 
in obtaining previous roentgenograms for 
comparison as we do in suspected cases of 
lung carcinoma. In comparison, pulmonary 
thromboembolism requires an even more 
careful approach to its diagnosis and carries 
an even greater influence on the welfare of 
the patient than is the case in carcinoma of 
the lung. 

Unfortunately, it is apparent that the 
evidence elicited from the conventional 
chest roentgenogram, even by the consci- 
entious and expert radiologist, is often in- 
sufficient to permit a positive anatomic di- 
agnosis. This is particularly so at an earlier 
stage in the disease. when the physician, 
although highly suspicious of the diag- 
nosis, is faced with a number of therapeutic 
procedures that may involve considerable 
risk or at least may be expensive and in- 
convenient to the patient (embolectomy, 
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venous ligation and anticoagulation). It 
seems doubtful that we cannot expect a 
much better performance than that ob- 
tained by Stein ef al.” in which the diag- 
nosis of embolization was suggested in only 
£4 per cent of cases after inspection of one 
or more chest roentgenograms--and this 
result was obtained by radiologists with a 
very high index of suspicion. These findings 
tend to support those of Williams e£ a/.?? 
who found that 47 per cent of patients with 
evidence of acute embolism on the pul- 
monary angiogram had no abnormalities on 
the conventional chest roentgenograms; 
Sasahara e£ a/.!? described 8 similar cases in 
which the chest roentgenograms were 
normal. On a perusal of the litera- 
ure P y dm eder one IS impressed by 
the frequency with which pulmonary an- 
giography has provided a precise and satis- 
factory diagnosis. Essentially, this pro- 
cedure demonstrates obstruction or non- 
opacification of the major arteries. Al- 
though the appearance of the obstruction 
is not always specific, when taken in con- 
text with the clinical findings, it is suf- 
ficient for a diagnosis. Furthermore, in- 
volvement of the pulmonary trunk and the 
major branches by thromboembolism does 
not always result in complete occlusion, 
and occasionally a central radiolucent de- 
fect due to the thrombus can be seen and is 
considered by Williams ef al”? to be spe- 
cific. So far, pulmonary angiography has 
not been too helpful in cases with multiple 
small peripheral emboli.’ Perhaps further 
refinements and more experience may aid 
in this insidious form of the disease. 

In a survey conducted 15 vears ago," 
venous angiocardiography had a mortality 
of 0.38 per cent, and the question of em- 
ploying this procedure in a severely 1n- 
capacitated patient is quite valid. Tor- 
rance? describes the procedure as "too 
rigorous for routine use.” Also, he feels that 
because of the sluggishness of the pulmo- 
nary circulation, the contrast substance 
may stagnate and become so dilute as not 
to adequatelv outline the obstructed site or 
sites. However, in his monograph dealing 
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with massive embolization, angiography 
was used in 4 patients with good diagnostic 
results, and there was no mention of an 
untoward reaction. Similarly, 4 other 
papers!^'^?" mention the use of pulmo- 
nary angiography with good results and 
no appreciable reaction in extremely in- 
capacitated patients as a preliminary to 
surgical removal of massive emboli. In the 
better compensated patient, using the 
newer contrast substances, the risk of the 
procedure is minimal. Admittedly, how- 
ever, in the patient with severe shock sec- 
ondary to sudden massive embolism, some 
risk is involved, but, when this is weighed 
against the other risks of temporizing or of 
a useless attempt at embolectomy due to a 
wrong diagnosis, the risk becomes much 
more reasonable and acceptable and even 
mandatory unless some other diagnostic 
means can suffice. 

It is at this point that two other diag- 
nostic procedures of promise should be 
mentioned. Wagner eż al.” reported the in- 
travenous use of chromium-labeled albu- 
min which following special treatment 
forms globules of a size that lodge in the 
pulmonary arterioles. The material is in- 
carcerated for only a short time, but this is 
sufficient to permit scanning of the lung 
fields. The embolized areas are outlined as 
"cold" areas surrounded by the normal 
“hot” lung. Correlation so far has been 
good and the examination can be carried 
out at the patient's bedside and presuma- 
bly requires about 1 hour. Another impor- 
tant test that can now be emploved at the 
bedside!’ is that of immediate determination 
and comparison of the end tidal air CO» 
tension and the arterial CO, tension. A dif- 
ference between these of more than 6.5 
mm. is very reliable evidence of abnormal 
respiratory exchange due to a significant 
volume of unperfused lung. This test, of 
course, cannot localize the area of embo- 
lization and presumably may not be too 
accurate when used in the presence of ex- 
tensive bronchospasm which occurs fre- 
quently following acute embolization." 
Both of these tests may disturb the patient 
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less than pulmonary angiography. They do 
require special apparatus and trained per- 
sonnel and, as yet, are not as widely avail- 
able as angiography. Furthermore, it is 
questionable whether the information thus 
obtained can be compared with the exact 
pictorial information that is so quickly 
available following angiography. Cer- 
tainly, these tests deserve much further use 
and evaluation. 

In summary, a better understanding of 
clotting mechanisms and natural fibrino- 
lytic agents may lead to a reduced inci- 
dence and better control of thromboembo- 
lism in the future. At present, early diag- 
nosis can lead to effective use of a number 
of prophylactic and therapeutic agents (em- 
bolectomy, venous ligation, anticoagulant 
therapy). As radiologists, we should be 
prepared to recognize the earliest manifes- 
tations of this disease as found on conven- 
tional chest roentgenograms. Furthermore, 
we should remember that the condition is 
often insidious and bizarre in onset and in 
the extent of changes as manifest on the 
conventional chest roentgenogram. Conse. 
quently, we should be prepared for and 
urge the more frequent use of pulmonary 
angiography even in the more adverse cir- 
cumstances. Ít is only by this sort of ag- 
gressive practice that we can hope to recog- 
nize a situation at a time when treatment 
holds some prospects of control and cure. 


Rosert N. Coorzv, M.D. 


Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 
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BICENTENNIAL OF MEDICAL EDUCATION 
IN THE U.S.A. 


UNIVERSITY OF PENNSYLVANIA SCHOOL OF MEDICINE 


N MAY 3, 1765, 11 years before the 

Declaration of Independence was to 
be signed, almost within the shadow of the 
5tate House, Dr. John Morgan was ap- 
pointed by the trustees of the College of 
Philadelphia, later to be known as the Uni- 
versity of Pennsylvania, “Professor of the 
Theory and Practice of Physick” in this 
college. By this act the first medical pro- 
fessorship was created in the colonies and 
thus Medical Education was born in the 
United States. 

Dr. Morgan in his memorable “Dis- 
course" of 1765, stated: "Perhaps this 
Medical institution, the first of its kind in 
America; though small in its beginning, 
may receive a constant increase of strength, 
and annually exert new vigor. It may col- 
lect a number of young persons, of more 
than ordinary abilities; and so improve 
their knowledge as to spread its reputation 
to distant parts. By sending these abroad 
duly qualified, or by exciting an emulation 
amongst men of parts and literature, it 
may give birth to other useful institutions 
of a similar nature, or occasional rise, by its 
example, to numerous societies of different 
kinds, calculated to spread the light of 
knowledge through the whole American 
continent, wherever inhabited." 

Two hundred years later, nearly go medi- 
cal schools, by following in a broader sense 
many of Dr. Morgan's early recommenda- 
tions and particularly insisting on the ex- 
cellence of education of the Nation's medi- 
cal manpower, occupy a foremost position 
amply recognized throughout the world. 

Human life expectancy in the United 
States during these two centuries has been 


more than doubled, due in no small meas- 
ure to the phenomenal advancement in 
knowledge acquired through medical train- 
ing and research. Catastrophic epidemic 
diseases, once rampant, are unknown todav 
and many important breakthroughs have 
been made and are being made in the con- 
quest of other serious diseases, continually 
improving the Nation's health. 

At this epochal stage, the School of 
Medicine of the University of Pennsyl- 
vania, in celebrating the Bicentennial, has 
planned a series of events and activities, 
beginning with a Convocation on Septem- 
ber 19, 1964 and concluding a vear later. 

According to the official announcement, 
academic ceremonies, conferences, sym- 
posia, lectures, and meetings of scientists 
and other eminent men of public affairs 
will recognize publicly Medical Education's 
past and current advances, and will pro- 
vide a forum for the exploration of health 
and medical issues which will influence 
medical progress in the foreseeable future. 

Some 5o national and international medi- 
cal, scientific and allied organizations have 
already confirmed plans to meet in Phila- 
delphia during the period of the Bicenten- 
nial Observance. Amongst these are: Amer- 
ican College of Radiology, Annual Meeting 
and Teachers’ Conference, Feb. 9-13, 1965; 
Symposium of the Stomach and Sphincters, 
Feb. 14-16, 1965; Radiation Research Soci- 
ety, Annual Meeting, May 24-26, 1965; 
Association of Pendergrass Fellows, Mav, 
1965 (exact date to be announced); and the 
American Medical "Association, Clinical 
Session, Nov. 28-Dec. 1, 1965. 


SYMPOSIUM ON THE STOMACH AND 
ITS SPHINCTERS 

This symposium will communicate the 
latest authoritative information of signifi- 
cance to both the clinical practitioner and 
the physician interested in clinical investi- 
gation. Aspects covered will include motor 
and secretory mechanisms, cortico-visceral 
responses, drug effects, nutritional disturb- 
ances, infection, carcinoma in sifu, and 
very early cancer. The various topics will 
be integrated with applied biophysics and 
biochemistry where indicated. 

The symposium will be held at the War- 
wick Hotel, Philadelphia, Pennsylvania, 
February 14-16, 1965 immediately follow- 
ing the Annual Teachers’ Conference of the 
American College of Radiology held in 
Philadelphia on Saturday, February 13, 


1965. 


Academic Chairmen: 


Philip J. Hodes, M.D., Jefferson Medical 
Center, Philadelphia. 

J. Albert Jutras, M.D., Hótel-Dteu, 
Montreal, Quebec, Canada. 

For further information please contact 
John H. Killough, Ph.D., M.D., Jefferson 
Medical College, 1025 Walnut St., Phila- 
delphia 7, Pennsylvania. 


SYMPOSIUM ON GENITO- 
URINARY DISEASES 

The University of Kentucky Medical 
Center under the aegis of the Department 
of Radiology, Dr. Harold Rosenbaum, 
Chairman, is holding a five day symposium 
on Genito-Urinary Diseases. The course 
will be held March 29-April 2, 1965 as a 
part of the Centennial celebration of the 
University of Kentucky, and will include an 
outstanding guest faculty from various 
parts of the United States. 

The program Faculty comprises many 
University of Kentucky Medical Center 
participants and the following visiting 


SEPTEMBER, 1964" 


NEWS ITEMS 


speakers: Lawrence A. Davis, M.D., Louis- 
ville, Kentucky; John L. Emmett, M.D., 
Rochester, Minnesota; John A Evans, 
M.D., New York, New York; C. Paul 
Hodgkinson, M.D., Detroit, Michigan; 
John W. Hope, M.D., Philadelphia, Penn- 
sylvania; John A. Hutch, M.D., San Fran- 
cisco, California; Bertram Levin, M.D., 
Chicago, Illinois; Robert Lich, Jr., M.D., 
Louisville, Kentucky; Alphonse Palubins- 
kas, M.D., San Francisco, California; 
Charles E. Shopfner, M.D., Oklahoma 
City, Oklahoma; Frederic N. Silverman, 
M.D., Cincinnati, Ohio; Kaighn Smith, 
M.D., Philadelphia, Pennsylvania; and 
Theodore A. Tristan, M.D., Philadelphia, 
Pennsylvania. 

For further information please contact 
Dr. Nicholas J. Pisacano, Director, Con- 
tinuation Medical Education, University of 
Kentucky, Lexington, Kentucky. 


THIRTEENTH ANNUAL IRA I. 
KAPLAN LECTURE 

The Thirteenth Annual Ira I. Kaplan 
Lecture will be given by Doctor Chester M. 
Southam, M.D., on Friday, September 25, 
1964 in the Main Auditorium of New York 
University Medical Center. 

His subject will be "Studies on Host Re- 
sistance against Clinical Cancer." 


THE AMERICAN BOARD 
OF RADIOLOGY 

The spring 1965 examination of The 
American Board of Radiology will be held 
at the San Francisco Hilton Hotel, San 
Francisco, June 13-18, inclusive. This will 
be the last time that the Special Examination 
in Nuclear Medicine will be offered to physi- 
cians who are already certified in Radiology 
or Therapeutic Radiology. The deadline for 
filing applications for the above two exam- 
inations is December 31, 1964. 

The fall 1965 examination of The Ameri- 
can Board of Radiology will be held at the 
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Statler Hilton Hotel, Dallas, Texas, De- 
cember 5~10, inclusive. The deadline for 
fling applications for this examination is 
June 30, 1965. 


For further information write to: 


H. Dabney Kerr, M.D. 
Office of the Secretary 
Kahler Center Building 
Rochester, Minnesota 55901. 


UNIVERSITY OF CALIFORNIA SAN 
FRANCISCO MEDICAL CENTER 

The Section of Therapeutic Radiology 
and the Section of Radiobiologv, Depart- 
ment of Radiology, University of Cali- 
fornia School of Medicine, San Francisco, 
are now offering a 4-year training program 
in radiation therapy under the auspices of 
the National Cancer Institute of the Na- 
tional Institutes of Health. Clinical and 
basic training will be well integrated. The 
program is conducted jointly by Dr. Franz 
Buschke and by Dr. Harvey Patt. 

Those interested please write directly to 
the Training Director, Dr. Franz Buschke, 
Department of Radiology, University of 
California Medical Center, San Francisco, 
California 94122. 


QUEENS HOSPITAL CENTER 


DEPARTMENT OF HOSPITALS 
THE CITY OF NEW YORK 
The following courses will be offered at 
The Queens Hospital Center in the City of 
New York in the Fall, 1964: 
1. “Special Radiation Procedures in the 
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Treatment of Cancer," October 19-23, 
1964. This is an intensive one week course, 
consisting of clinical, operative and lab- 
oratory sessions. It will include: rotational 
and arc cobalt teletherapy; interstitial 
therapy with various radioactive sources 
(e.g. iridium, yttrium, cobalt, radon); re- 
cent techniques in the field of radioactive 
isotopes; use of beta ray applicators; oper- 
ative radium techniques; and modern 
methods in radium mold fabrication. 

2. “Operative Radium Day,” October 21, 
1964. 

For further information please contact, 
Leonard B. Goldman, M.D., Director, De- 
partment of Radiation Medicine, Queens 
Hospital Center, 82-86 164th Street, Ja- 
maica, N. Y. 11432. 


NATIONAL COMMITTEE ON RADIATION 
PROTECTION AND MEASUREMENTS 
(NCRP) 

The Bill to incorporate the NCRP was 
passed by the Senate on July 2, 1964, and 
was signed into law by the President on 
July 14, 1964. Thus, the long effort of the 
NCRP to achieve an independent status 
has reached fruition. 

Plans are now being made to complete 
the organizational steps necessary to bring 
the National Council on Radiation Protec- 
tion and Measurements into being. Accord- 
ing to Lauriston S. Taylor, Chairman of 
the Committee, drastic changes in the mode 
of operation of the NCRP are not contem- 
plated, but this occasion marks a milestone 
in the work of the organization. 
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Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


GASTROENTEROLOGY. Volume IJ. Second edi- 
tion. By Henry L. Bockus, M.D., Emeritus 
Professor of Medicine, University of Penn- 
sylvania Graduate School of Medicine, and 
Present and Former Colleagues at the Uni- 
versity of Pennsylvania Graduate School of 
Medicine and School of Medicine. Cloth. Pp. 
1241, with*many illustrations. Price, $28.00. 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pa., 1964. 


The second volume of the second edition of 
Henry L. Bockus' book, "Gastroenterology," 
reflects the same excellence as achieved in Vol- 
ume I. This edition has been expanded from 
975 pages to I241, and nine new chapters have 
been added. 

Considerable new thought and discussion 
have been given to the diseases of the small in- 
testine. A new chapter on the protein-losing 
gastroenteropathies has been added. Succinct 
discussion of two diagnostic aids, peritoneos- 
copy and lympbangiography is made. While 
peritoneoscopy is not a new procedure, its 
present general acceptance and refinements 
place it in the realm of recent advances. 

Authoritative evaluation of the exhaustive 
experimental and clinical investigations gleaned 
from the recent literature and the invaluable 
work of the contributors combine to keep Vol- 
ume Il—as superbly edited, skillfully com- 
posed and artfully printed as Volume I—among 
the classics of the medical literature. 

G. A. Kuinc, M.D. 


Une RADIOGRAPHIE DU CRÂNE. Savoir Inter- 
préter. By Lucien Appel, Neuro-radiologiste 
dela Fondation Bunge, Anvers; and Jacques 
Simon, Áttaché au Service de Neuro-radio- 
logie de l'Hópital de la Pitié, Paris, France. 
Paper. Pp. 181, with many illustrations. 
Albert de Visscher, Editeur, Rhode-St- 
Genése, Belgium, 1964. 


This ingenious pocketbook on interpretation 
of the skull roentgenogram is primarily in- 
tended for the practitioner to aid him in eluci- 
dating a diagnosis which often might be diffi- 
cult. 


The first part 1s devoted to description of the 
normal skull and its structure, comprising the 
conventional and special projections,‘ intra- 
cranial calcifications and the skulls in childhood 
and old age. 

The second part is reserved for the patho- 
logic conditions. The authors proceed by pre- 
senting the related symptomatology which 
might be helpful in arriving at the correct diag- 
nosis. The chapters of this second part include: 
cephalalgias; epilepsy; visible affections of the 
dome; and endocrine syndromes. An attempt is 
made to use the patient’s symptoms as a guide 
to interpreting the etiolagic and pathogenic 
manifestations. 

The book also deals with such common le- 
sions as fractures, generalized osteopathies, and 
several diseases concerning ophthalmology, 
oto-rhino-laryngology and pediatrics. 

The late sequelae of cranial traumatism and 
their medicolegal implications are thoroughly 
discussed. 

The illustrations, which are quite numerous, 
consist of simple line drawings and diagrams, 
with emphasis on the pertinent findings ena- 
bling a differential diagnosis. These are supple- 
mented by 2 practical tables listing the differ- 
entiating signs of cranial lacunae and intra. 
cranial calcifications. 

The pocketbook is part of the Collection 
Médicale Internationale, published under the 
direction of Professor Hugues Gounelle of 
Paris and 1s prefaced by Professor H. Fischgold 
of Paris and Dr. L. Van Bogaert of Anvers, 
Belgium. 

T. Levcutia, M.D. 


BOOKS RECEIVED 


THE First Twenty Years or THE UNIVERSITY OF 
Texas M. D. Anperson Hosprran AND Tumor 
InsriruTe. R. W. Cumley, Ph.D., Editor and 
Head, Department of Publications, M. D. Ander- 
son Hospital and Tumor Institute, Houston, 
Texas. Cloth. Pp. 564, with many illustrations. 
Price, $7.50. The University of Texas M. D. An- 
derson Hospital and Tumor Institute, Houston, 
Texas, 1964. 

Rapiation Protrecrion. Recommendations of the 
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International Commission on Radiological Pro- 
tection. ICRP Publication 4. Report of Committee 
IV (1953-1959) on Protection Against Electro- 
magnetic Radiation Above 3MeV and Electrons, 
Neutrons and Protons. (Adopted 1962; with revi- 
sions adopted 1963.) Cloth. Pp. 44, with some 
figures and tables. Price, $3.95. A Pergamon Press 
Book, distributed by The Macmillan Company, 
60 Fifth Avenue, New York 11, N. Y., 1964. 
X-RAY TEcuNoLocv. By Charles A. Jacobi, B.Sc., 
R.T.(A.R.R.T.), Assistant Professor, Medical X- 
Ray Technology, and Radiation. Health and 
Safety Officer, Radioactive Byproduct Installa- 
tions, Oregon Technical Institute, Klamath Falls, 
Oregon; and Don Q. Paris, R.T.(A.R.R.T.), 
Chairman, Medical X-Ray Technology, Oregon 
Technical Institute, Klamath Falls, Oregon. 
Third edition. Cloth. Pp. 452, with 306 figures. 
Price, $11.50. The C. V. Mosby Company, Pub- 
lishers, 3207 Washington Boulevard, St. Louis, 
Mo., 63103, 1964. 

Dynamic CLassiFICATION OF Bone Dysp.astas. By 
Philip Rubin, M.D., Chief and Professor, Thera- 
peutic Radiology, Senior Associate in Medicine 
and Surgery, University of Rochester Medical 
Center, Strong Memorial Hospital. Cloth. Pp. 
410, with 816 illustrations, plus a 60 page sep- 
arately bound Atlas of Modeling Sketches & 
Skeletons in two colors. Price, $27.00. Year Book 
Medical Publishers, Inc., 35 E. Wacker Drive, 
Chicago 1, Ill., 1964. 

ParoLoGíA DE LAS Vías BILIARES. By M. Royer, 
Director del Instituto de Gastroenterologia, In- 
stitutos Nacionales de la Salud, Haedo, Republica 
Argentina; with the collaboration of L. Biempica, 
L. O. Colombato, S. Kohan, P. A. Mazure, 
B. Rybak, M. Schraier, and N. Tawil. Cloth. Pp. 
6:2, with 241 figures and 48 tables. Libreria 
Hachette S. A., Buenos Aires, Argentina, 1964. 


FUNDAMENTAL Arps IN RoENTGEN DriAGNOsiIs: Em- 


PHASIZING Spor FILMING AND FLuoroscopy. By 
Charles B. Storch, M.D., Associate Clinical Pro- 
fessor, New York University—Cineradiology, Ra- 
diology, Cleft Palate Research; Director, Radiol- 
ogy Department, Lefferts General Hospital, 
Brooklyn, N.Y.; Associate Attending Radiologist, 
Brookdale Medical Center, Brooklyn, N.Y. Cloth. 
Pp. 370, with 424 illustrations. Price, $14.75. 
Grune & Stratton, Inc., 381 Park Avenue South, 
New York 16, N.Y., 1964. 

Human Fortra, AND NgoNamAL Circutation. By 
John Lind, M.D., Professor of Paediatrics, 
Karolinska Institute; Co-Director, Wenner-Gren 
Research Laboratory, Stockholm; Leo Stern, 
M.D., Demonstrator in Paediatrics, McGill Uni- 
versity, Montreal; Formerly Research Associate, 
Wenner-Gren Research Laboratory, Stockholm; 
and Carl Wegelius, M.D., Director, Wenner-Gren 
Research Laboratory, Stockholm; Formerly, Pro- 
fessor of Radiology, The University Hospital, 
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Turku, Finland. Monograph in American Lec- 
tures in Pediatrics. Edited by John A. Anderson, 
M.D., Professor and Head of Department of 
Pediatrics, University of Minnesota, Minne- 
apolis, Minn. Cloth. Pp. 54, with many illustra- 
tions. Price, $5.75. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, Ill., 
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Tue Ciusroor. By J. Hiram Kite, M.D., Associate 


Professor of Clinical Orthopedic Surgery, Emory 
University School of Medicine, Atlanta, Ga.; 
Surgeon-in-Chief, Scottish Rite Hospital for Crip- 
pled Children, Decatur, Ga. Cloth. Pp. 232, with 
111 figures. Price, $9.75. Grune & Stratton, Inc., 
381 Park Avenue South, New York 16, N.Y., 1964. 


Tue ParuoLocv or TESTICULAR TuMouns. Studies 


from the Testicular Tumour Panel and Registry 
of the Pathological Society of Great Britain and 
Ireland in association with the British Empire 
Cancer Campaign for Research. Edited on behalf 
of the Panel by D. H. Collins and R. C. B. Pugh. 
Published as a Supplement to the British Journal 
of Urology, Volume 36, 1964. Paper. Pp. 112, with 
many illustrations. E. & S. Livingstone Ltd., 
Edinburgh, 1964. 


MreTABOLIC Conrrot MECHANISMS IN ANIMAL 


Cris. National Cancer Institute Monograph 13, 
April, 1964. Symposium sponsored by Tissue Cul- 
ture Association and National Cancer Institute, 
National Institutes of Health, Bethesda, Md., 
May 28-30, 1963, Boston, Mass. Symposium 
Chairman and Editor, William J. Rutter. Cloth. 
Pp. 275, with some illustrations. Price, $5.50. 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D.C., 20402, 1964. 


INTERNATIONAL SYMPOSIUM ConTROL or CELL Di- 


VISION AND THE INDUCTION oF Cancer. National 
Cancer Institute Monograph 14, May, 1964. Sym- 
posium held at Lima, Peru, and Cali, Colombia, 
July 1-6, 1963. Edited by C. C. Congdon, M.D., 
and Pablo Mori-Chavez, M.D. Cloth. Pp. 403, 
with some illustrations. Price, $4.50. Superin- 
tendent of Documents, U. S. Government Printing 
Office, Washington, D.C., 20402, 1964. 


Diacnostic NEguRgoRaDioLoGv. By Juan M. Ta- 


veras, M.D., Professor of Radiology, College of 
Physicians and Surgeons, Columbia University; 
Attending Radiologist, Neurological Institute, 
Presbyterian Hospital of New York; and Ernest 
H. Wood, M.D., Professor and Chairman, De- 
partment of Radiology, School of Medicine, Uni- 
versity of North Carolina; Director of Radiological 
Service, North Carolina Memorial Hospital; For- 
merly, Attending Radiologist, Neurological In- 
stitute, Presbyterian Hospital of New York. 
Cloth. Pp. 1,960, with 722 figures. Price, $32.50. 
The Williams & Wilkins Co., 428 East Preston 
Street, Baltimore 2, Md., 1964. 


LEHRBUCH DER RONTGENOLOGISCHEN DIFFEREN- 


TIALDIAGNOSTIK. Volume II- Erkrankungen der 
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Bauchorgane. By Prof. Dr. Werner Teschendorf, 
Koln. Cloth. Pp. 801, with 586 figures. Price, 
Ganzleinen DM 198... Georg Thieme Verlag, 
Postfach 732, Herdweg 63, 7000 Stuttgart 1. In 
the U.S.A. and Canada, Intercontinental Medical 
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Médicine de.Nancy. With the collaboration of 
P. Schoumacher, M. Pernot, and A. Candela. 
Cloth. Pp. 160, with 89 figures. Price, 60 F. 
Masson et Cie, Éditeurs, 120, Boulevard St. Ger- 
main, Paris, 1963. 


PREVENTION OF Cancer. Report of a WHO Expert 
Committee. World Health Organization Technical 
Report Senes, No. 276. Paper. Pp. 53. Price, 
$0.60. Columbia University Press, International 
Documents Service, 2960 Broadway, New York, 
N.Y., 10027, 1964. 


Book Corporation, New York 16, N.Y., 1964. 
CriNiQuEes RapIoLociques. Second Series. L'Amé. 
lioration du Contraste par le Logétron et les 
Aspects Radiologiques de |’Envahissement de l'Os 
par les Cancers. By Professeur J. Roussel, Chaire 
d'Électroradiologie Clinique de la Faculté de 
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SOCIETY PROCEEDINGS 
T ooo LHH—————————— 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Radisson Hotel, Minneapolis, 
Minn., Sept. 29-Oct. 2, 1964. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John L, Pool, 444 East 68th Street, New 
York, N. Y. 10021. Annual meeting: Roosevelt Hotel, 
New Orleans, La., April 8-10, 1965. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Nov. 29-Dec. 4, 1964. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Bellvue Stratford 
Hotel, Philadelphia, Pa., Feb. 10-13, 196s. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eighth Ave., Spokane 4, Wash. Annual 
meeting: New York, N. Y., June 20-24, 1965. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Fall 1964 examination will be held at the Americana 
Hotel, Bal Harbour, Florida, December 7-11, inclusive. 
Deadline for filing applications was June 30, 1964. 

The Spring 1965 examination will be held at the San 
Francisco Hilton Hotel, San Francisco, Calif., June 13- 
18, inclusive. This will be the last time that the Special 
Examination in Nuclear Medicine will be offered to 
physicians who are already certified in Radiology or 
Therapeutic Radiology. The deadline for filing applica- 
tions for the above two examinations is December 31, 
1964. 

The Fall 1965 examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December :-10, inclusive. 
The deadline for filing applications for this examination 
Is June 36, 1965. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced. 

AMERICAN CLUB OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL CoNGnEss OF RADIOLOGY 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sor Dr. Med. Luigi Turano, President-Elect, Istituto di 
Radiologia, Universita di Roma, Rome, Italy. Meeting: 
September 22-28, 1965. 

EIGHTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 11th and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

Secretary-General, Dr. Rubén Merenfeld, P.O. Box 9362, 
Caracas. Meeting: Caracas, Venezuela, Oct. 2-9, 1964. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, Ill. Annual meeting to be announced. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 


Durango, Phoenix, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

AssociATION oF Universrry RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander R. Margulis, Depart- 
ment of Radiology, University of California, San Fran- 
cisco, Calif. Annual meeting: Seattle, Washington, May 
14 and 15, 1965. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BavaRIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, 5th General Hospital, APO 154, New York, N. Y. 
Meets quarterly. 

BrLockrEgv RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North 52nd St., 
Philadelphia, Pa. 

BrvEGRAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel J. Hanson, University of 
Kentucky, Medical Center, Lexington, Kentucky. Meets 
quarterly. 

Brookiyn RapioLocicaL Society 
Secretary, Dr. Jay P. Sackler, Brooklyn, N. Y. Meets 
first Thursday of each month, October through June. 

BurraALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Berkeley Zinn, 85 Wehrle Dr., Buffalo 25, 
N. Y. Meets second Monday evening each month, Octo- 
ber to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

CENTRAL New Yonk RapiorocicAL Society 
Secretary- Treasurer, Dr. Edward W. Carsky, Crouse- 
Irving Hospital, 820 S. Crouse Ave., Syracuse, N. Y. 
Meets first Monday each month, October through May. 

CENTRAL Ouro RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL Society oF NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, Ill. 

CuicAGo RoENTGEN SOCIETY 
Secretary- Treasurer, Dr. Robert D. Moseley, Jr., Dept. 
of Radiology, Univ. of Chicago, 950 E. sgth St., Chicago 
37, Ill. Meets second Thursday of each month, October 
to April except December at the Pick-Congress Hotel at 
8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10515 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

CoLorabDo RADIOLOGICAL SOCIETY 
Secretary, Dr. David J. Stephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denver Athletic Club from September through May. 
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Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford 6, Conn. Meets first Friday in February and April. 
DarLLAs-FonT Woxru RADIOLOGICAL SOCIETY 
Secretary, Dr. Paul W. Mathews, Jr., 1217 West Cannon 
St., Fort Worth, Tex. Meets monthly, third Monday, at 
Southwest International Airport at 6:00 P.M. 
Detrorr RogNTGEN Ray AND IUM SOCIETY 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 
Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 


P.M. 

East Bay ROENTGEN SOCIETY 
Secr Dr. Dan Tucker, 434 ras St, Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland, Calif. 

East TENNESSEE RapioLoarcaL Society 
Secret. Do Marsh Frere, Jr., 205 Medical Arts 
Bidg., Knoxville, Tenn. Meets in January and Sep- 
tember. 

Eastern CONFERENCE or RADIOLOGISTS 
Secretary, Arrangements Committee, Dr. Theodore A. 
Tristan, 3400 Spruce St, Philadelphia 4, Pa. Annual 
meeting to be announced. 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FrozipnA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Kirsh, 712 Du Pont Bldg., Miami 
Fla. Meets twice annually, in the spring with the annu 
State Society Meeting and in the fall. 

Froripa West Coasr RAproLoctcAL SocrETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
Gen Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Georara RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 79 Savannah, 
va Meets in spring and fall with Annu Siate Society 

ceting. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Oliver P, Winslow, Jr., Baptist 
Hospital of Miami, Ine., 8900 S. W. 88th St., Miami 56, 
Fla. Meets monthly, third Wednesday at 8:00 P.. at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr, Louis Socrety or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, #16 Hampton Village Plaza, 
St. Louts 9, Mo. 

Hovsros RaAbroLooicAL Socrery 
Secretary, Dr. D. A. Van Velzer, Texas Medical Cen- 
ter S dnt den H. Jones Library Bldg.» Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ 
8:00 P.m., Houston, Tex. 

JpAno SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINoIs RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall, 

Inpiana Rogntoen Socrery, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

lowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn, 

Kansas RADIOLOGICAL SOCIETY 
Secretary~Treasurer, Dr. R. F. Conard, Newman Me- 
morial Hosp., Emporia, Kan. Meets in spring with State 
Medical Soctety and in winter on call. 

Kxwrvckv RADIOLOGICAL ETY 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 


ub, 
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Krixos Counry RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brooklyn 254 N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 

$45 PM, 

KNOXVILLE RADIOLOGICAL SOCIETY 

ra^ Dr. Clifford L. Walton, Blount Professional 

Bldg., Knoxville 20, Tenn. Mectings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Los ANGELES RADIOLOGICAL Society 


Secretary, Dr. Austin R. Wilson, 540 N. Central Ave., 
Glend Calif, 91203. Meets Tuesday, Sept. 29 and 
second Wednesday of month in November, January, 


April and June at Los Angeles County Medical Associa- 
tion Building, Los Angeles, Calif. 

Marne RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Capron, Maine Medical 
Center, Portland, Me. Meets in June, September, De- 
cember and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

Mzxrn2is RogNTGEN SOCIETY 
Secretary-Treasurer, Dr. Irving K. Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn. Meets first Monday 
of each month at John Gaston Hospital. 

Mramt VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
mon 

Mip-Hupson RapnroLoaicAL SocierY 
Secretary-Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y., Meets 7:00 P.M., 
first Wednesday of each month September to May. 

MILWAUKEE Roenroen Ray SocrgTY 
Secretary-Treasurer, Dr. Harold F. Ibach, 2400 W. Vil- 


lard Avenue, Milwaukee 9, Wis. Meets monthly on 
cone Monday, October ugh May, at University 
ub. 


MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frank J. Anderson, 810 E. 2th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 
MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr» £04 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 
Missourt RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 
MowrTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 
Nassau RADIOLOOICAL SOCIETY 
Secretary, Dr. Barry L. Lewis, 16 a . Village Ave., 
Rockville Centre, New York, N. Y. Meets second Tues- 
day of the month in February, April, June, October and 
December. 
NEBRASKA STATS RADIOLOGICAL SOCIETY 
eh Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. 
Meets third Wednesday of each month at 6 p.m. in 
Omaha or Lincoln. 
Nevaba RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 
New Encranp Rorenroen Ray Sociery 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brechin: Mass., at 4:30 P.M. 
AT dig pond Ray Sociery rinii 
ecretary, Dr. Pa . Hasserjian, 1470 t., Man- 
chester, N. H. Meets four to six times yearly. i 
New Mexico Association or RADIOLOGISTS. 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
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of Radiology, Bernalillo 

- Albuquerque, New Mexico. 

Nsw Yorx Roenreen Sociery 
Secretary, Dr. Harry Z. Mellins. Meets monthly on third 
Monday at the New York Academy of Medicine at 4:30 
P.M. 

Norru CanoLrNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norra Daxota RanioLoarcaL Socrery 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

NozrH Forma RanrorooicAL Socrery 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
iacet ea 7, Fla. Meets quarterly in March, June, 

eptember and December. 

NORTHEASTERN New Yorx RaAnroLooicAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTrHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Johannessen, Mercy Hospital, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov. 
Jan., March and May at the Sutter Club in Sacramento. 

NORTHWESTERN Onjo RADIOLOGICAL SOCIETY 
Secretary. Dr. Vito J. OD Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onto STATE IOLOGICAL SOCIETY 
Secretary, Dr. Chapin Hawley, Dept. of Radiology, Uni- 
versity of Cincinnati College of Medicine, Cincinnati, 
Ohio. Annual meeting: Terrace Hilton Hotel, Cincinnati, 
Ohio, May, 1965. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Dave B. Lhevine, Bro Doctors Bldg., 
2021 South Lewis, Tulsa, Okla. Meets in January, May 
and October. 

OnANGE County RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert M, Sodaro, 600 E. Wash- 
ington Áve., Santa Ana, Calif. Meets fourth Tuesday of 
month except June, July, August and December in 
Orange County Medical Ássociation Building. 

OnzgcoN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
Ue at 7:00 P.M. at the University Club, Portland, 


County-Indian Hospital, 


Ox eans Parisa RADIOLOGICAL SOCIETY 
Sec Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NogruwzgsT RADIOLOGICAL SOCIETY 
Secretary, Dr. Willis Taylor, Seattle, Washington. An- 
nual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Pittsburgh 
Hilton Hotel, May 21-22, 1965. 

PHILADELPHIA RogNTGEN Ray Sociery 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at 5 r.m., from October to May 
in Thompson Hall, College of Physicians. 

PrrrspureH ROENTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY OF CONNECTICUT 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St, New Haven 11, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. John F. Popkin, Jr., 831 Carew Tower, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 
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RADIOLOGICAL Sociery or Hawar 
Serm Dr. ar S. Childs, Kuakini Hospital, 
Honolulu, Hawaii. Meets third Monday of each month 
at 7:30 P.M. i 


RapioLooicaL SocierY or Greater Kansas Crrv 
Secretary, Dr. J. Stewart Whitmore, roro Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society or Kansas Crry 
QUE Dr. Arthur B. Smith, 800 le Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 1c, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL SOCIETY or New JERSEY 
Seer Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October. or November 
in Newark, N. J. 


RADIOLOGICAL SOCIETY or THE STATE or New YORK 


Secretary- Treasurer, Dr. John W, Colgan, 273 Holl 
Ave., Rochester 18, N. Y. Annual meeting to an- 
noun 


RADIOLOGICAL SocrETY oy Soura DAKOTA 
Seeretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. gon L. Gwinn, Children's Hos- ` 
pital of Los Angeles, 4614 Sunset Blvd., Los Angeles, 
Calif. 90027. Meets three times a year, usually October, 
February, and May. 

Repwoop Empirg RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricumonp Country RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
August, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester RogwrGEN Ray Socrety, Rocuester, N. Y. 
Secretary, Dr. Gerald R. Holzwasser, Rochester General 
Hospital, Northside Division, 1425 Portland Ave., 
Kocher 21, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky MounTAIN RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting to be announced. 

Saw AnTONIO-MILITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 73° Medical Arts 
Bldg. San Antonio s, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Dreco RADIOLOGICAL SOCIETY 
President-Secretary, Charles P. EE 7901 Frost St., 
San Diego 22 Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. 

SEcrIoN ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 650 East Santa Clara 
St., San Jose, Calif. 

Section on RaproLocv, MEDicAL SocigTY or tHe Dis- 
TuICT OY COLUMBIA 
Secretary- Treasurer, Dr. Martin A. Thomas, 1150 Con- 
necticut Ave., Washington 36, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and ether at 8:00 P.M. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ÁSSOCIATION 
Secretary, * Dr. Jonn D. Reeves, Department of Radiol- 
ogy, Univ. of Florida College of Medicine, Gainesville, 


* Deceased. 
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Fla. Annual meeting: Memphis, Tennessee, Nov. 16-19, 


I 

Šid on RaproLoey, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St, Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St, Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society ror Penrarric RapDIoLoay 
Secretary, Dr. John L. Gwinn, Children’s Hospital, Los 
Angeles 27, Calif. Annual meeting: Radisson Hotel, 
Minneapolis, Minn., Sept. 28, 1964. 

SocrETY oy NucLgar MEDICINES 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ri Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago u, Ill. 
Annual meeting to be announced. 

Sours Bay RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 pple Ave., Redwood City, Calif.; Southern Sec- 
tion: Dr. Paul L. Clemetson, 877 W. Fremont Ave., 
Suite C-3, Sunnyvale, Calif. Meets second Wednesday of 
each month. 

Sovre CAROLINA aie a SOCIETY "T. à 
Secretary, Dr. George W. Brunson, 1 t. 
Columbia, S. C. Annual meeting (primarily buscas) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Grand Hotel, Point Clear, Ala., Jan 29-31, 1965. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6: 30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 

his, Tenn. Meets annually at the time and place of the 
ennessee State Medical Association meeting. 

Texas RADIoLOGICAL SocrETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Tex. Annual 
meeting: Houston, Texas, Jan. 29-30, 1965. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital, Henderson, Ky. Meets third Wednesday of Oct., 
jeg March and May, 8:00 p.m, Elks Club in Evansville, 
Ind. 

Unrversiry or MICHIGAN DEPARTMENT oF ROENTOEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M, at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 

ital, Salt Lake City, Utah. Meets fourth Wednesday in 
AR , March, May, September and November at 
Holy Coss Hospital. 

Vermont RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 


Virainia RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Owen Marten, 920 Terry Avenue, Seattle, 
Wash. Meets quarterly. 

West VixGiNiA RADIOLOGICAL SOCIETY . 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
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Ánnual Meeting of West Virginia State Medical Society; 
other meetings arra by program committee, 
WESTCHESTER IOLOGICAL SOCIETY 
Secretary, Dr. Joel J. Schwartzman, Westchester Academ 
of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates. 
Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
i ns ay, Wis. Annual meeting each spring in various 
places. 


Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


Asociaci6n DE RADIÓLOGO8S DE CENTRO AMERICA Y 
PANAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Raul dde sa. Áve.,, Norte 
No, 48, San Salvador, El Salvador. Meets annually in a 
rotating manner in the six countries. 

SociEDAD DE Rapro.ocia pg EL SALvADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SOCIEDAD DE RADIOLOGÍA D8 GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A o-o5, Zona 1, 
Guatemala. 

SOCIEDAD DE Rapio.ocfa v FISIOTERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vii, 
San José, Costa Rica. 

SocrgDAD Mexicana DE RapioLocfa, A.C. 

Calle del Oro No. ET México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

AsociACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite £04, Professional 
Bldg., Santurce, Puerto Rico. 

SocizDAD RADi10LÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SOCIEDAD RADIOEACIÉL DE PuExTo Rico 
Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes. 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs. 
day of each month at 8:00 r.m. at the Puerto Rico Medi. 
cal Association Bldg. in San Juan. 


BarrisuH COMMONWEALTH or NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF eee 
gar DE R. Robillard, Notre-Dame Hospital, 1560 


Sherbrooke St., East, Montreal, Que., Canada. Meets four 
times a year. 
e dui s OF Saga á 
onorary Secretary, Dr. D. Ho 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 


until May. 
CANADIAN Association Or Puysicisrs, Drvision oF 
MepicaL AND Broroocicar Purses, 
Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 
Epmontron AND Disrxicr RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Mason, 549 Tegler Bldg., Edmonton, 
Alberta, Canada. Meets second Tuesday of each month, 


October to May. 

FaAcvuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Aura meeting to be 
announced. 


FaAcuLTY or RApioLooisTsS, RoYaL Corrgozg or SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.L, D.P.H., 125 
St. Stephens Green, Dublin 2, Ireland. 

SECTION or RADIOLOGY or THE RovaAL Socrery or Meni- 
CINE (Conriwep To MepicaL MemseRs) 
Meets third Friday each month at 4:45 p.m. at the Royal 
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ed of Medicine, 1 Wimpole St., London, W. 1, Eng- 
an 


CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. D. J. Sieniewicz, 4ss0- 
ciate Honorary Secretary-Treasurer, Dr. Maurice Dufresne 
1555 Summerhill Ave., Montreal 25, Que., Canada. 
Annual meeting to be announced. 

MowntTreaL RaADrioLoGICAL Stupy Crus 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Secrion oF RADIOLOGY, CANADIAN MEDICAL Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Sorire CAR ADIRNNE- RANCAISE D'ÉLECTRO-RADIOLOOIE 
MÉDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada. Meets third 
Saturday each month. 

Tray. Dr. Wallace M. Roy, St. Joseph's Hospitals, 
Secretary, Dr. ce M. Roy, St 's Hospi 
3o The Queensway, Toronto 3, OU. Canada: Meets 
second Monday of each month eptember through May. 

CoLLRGE or RADIOLOGISTS or AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St, Sydney, N.S.W., Australia. 
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ROENTGEN DIAGNOSIS 


Neck AND CHEST 


CorLAnD, M. Une méthode simple de laryngo- 
graphie. (A simple method of laryngography.) 
T. belge de radiol., 1964, 47, 31-43. (From: 
Service de Radiodiagnostic, Hépital de 
Bavière, Boulevard de la Constitution, 
Liége, Belgium.) 


In diseases of the larynx, the endoscopic examina- 
tion is considered most important although it yields 
only limited information. Roentgenographic studies 
must always supplement the clinical investigations, 
especially for the hidden parts such as the posterior 
wall of the larynx, the epiglottic area, the pyriform 
sinuses, the ventricles and the undersurface of the 
vocal cords. Such studies are performed either with- 
out or with the aid of contrast material. 

Conventional profile views of the larynx permit 
visualization of the epiglottis and the pyriform 
sinuses. Laminagraphic anteroposterior views are 
helpful in borderline malignant infiltration. Sup- 
plementary oblique laminagrams sometimes allow 
more definitive conclusions. 

For contrast studies, a local anesthesia is applied 
and is followed by instillation of either barium, 
lipiodol, or oily dionosil. Such procedure is all impor- 
tant but is shied away from a3 it causes unavoidable 
discomfort to the patient. The swabbing of the 
pharynx and larynx and the subsequent instillation 
of the contrast material resulc in disagreeable chok- 
ing reflexes which may render the examination 
difficult. 

The author briefly describes his simplification of 
the contrast study, which overcomes all difficulties 
encountered by the patient and the operator. He 
considers a complete anesthesia with suppression of 
all reflexes essential. This he accomplishes by letting 
the patient gargle a xylocaine solution for 5 minutes. 
Simultaneous phonation and Valsalva maneuvers 
help to spread the solution to the hypopharynx and 
the larynx. After the anesthesia has been effected, 
the patient gargles 10 cc. of aqueous dionosil. With 
the aid of forward flexion and with "E" and "I" 
sounds, the contrast material coates the laryngeal 
and pharyngeal structures. Ir 99 cases, a correct 
diagnosis could be established roentgenologically 
91 times but clinically only 77 times. 

It is concluded that accurate impressions are 
important to decide between surgical methods 
and radiation therapy. In mélignant tumors, the 
tendency toward metastatic spread may also be 
predicted.—Ernest Kraft, M.D. 


Axxary, S. Malignant carotid body tumour in 
the neck of a newborn infant. Arch. Dis. 
Childhood, April, 1964, 39, 194-196. (From: 
Faculty of Medicine, University of Alexan- 
dria, Egypt.) 
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A case of malignant tumor apparently arising from 
ectopic chemoreceptor cells in the neck is reported. 

The patient was a 3 month old child with a large 
tumor of the left neck which had been present and 
growing since birth. The tumor was encapsulated 
and separated from the carotid sheath. Excision was 
followed by a course of radiation therapy. There was 
local recurrence after 6 months producing a Horner’s 
syndrome. The recurrence was excised along with an 
additional local recurrence within 3 weeks. Post- 
operative radiation therapy was again administered. 
The child is reported in good health although no 
follow-up time is reported. 

Tumors arising from known chemoreceptors such 
as the carotid body are generally benign and slow- 
growing, as opposed to those arising ectopically 
which are prone to grow rapidly and produce 
secondary deposits.—Donald S. Linton, Fr., M.D. 


Massaro, Donaup, and Katz, Sor. Rapid 
clearing in hematogenous pulmonary tuber- 
culosis. 4.M.A. Arch. Int. Med., April, 1964, 
II13, 573-577. (Address: Donald Massaro, 
M.D., Veterans Administration Hospital, 
2650 Wisconsin Avenue, N.W., Washington, 
D. C.) 


The authors report 3 cases of pulmonary tubercu- 
losis with pronounced bilateral changes which 
cleared markedly or completely within 2 weeks. 

These cases had acute hematogenous tuberculosis 
which was treated with corticosteroids plus anti- 
tuberculosis drugs. The response was quite striking 
and distinctly different from that seen with the more 
usual form of adult nonhematogenous tuberculosis. 

The authors suggest that rapid improvement prob- 
ably occurs more often than realized, but is not 
appreciated because roentgenographic examinations 
are made at widely spaced intervals. They point out 
the danger of using rapidity of clearing as a criterion 
to rule out tuberculosis in diffuse pulmonary in- 
filtration when a specific diagnosis has not been 
made.—G. L. Sackett, Jr., M.D. 


Kave, Josse, Tuomas, R. GLYN, KAMENER, 
R., Zwi, S., Oper, I. W. P., and GOLDMAN, 
H. I. Assessment of pulmonary emphysema. 
Med. Proc., Mar., 1964, zo, 87-93. (From: 
University of Witwatersrand and the Johan- 
nesburg General Hospital, Johannesburg, 
South Africa.) 


In the knowledge that radiologists differ widely in 
their evaluation of pulmonary emphysema on chest 
roentgenograms, this study was undertaken to 
assess the significance of the numerous roentgeno- 
logic signs described in emphysema and to determine 
which sign or which combinations of them are of the 
greatest diagnostic value. Ninty-three patients, fully 
investigated clinically, roentgenologically, and by 
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pulmonary function tests, comprise the series of the 
study. 

In the roentgenologic assessment, posteroanterior 
and lateral roentgenograms of the chest made in both 
maximum inspiration and forced expiration were 
used. Occasionally, laminagrams were made for lung 
detail where the pulmonary vasculature was ob- 
scured by a pathologic parenchymal process. 

The following signs were tabulated: (1) thoracic 
excursion and diaphragmatic movement; (2) loss of 
lung vasculature and general lung translucency; 
(3) prominence of pulmonary artery segment and 
hilar vessels; (4) heart size; (5) diaphragmatic 
flattening with an increase in the costophrenic 
angle; (6) increased localized translucency; (7) 
generalized adventitious lung markings; (8) rib 
positioning and spacing; (9) barrel-shaped chest; 
(10) increased dorsal curvature; (11) size of retro- 
sternal air shadow; and (12) localized increase in 
lung markings. 

Signs 6-12 were found to be of low differentiating 
value. It appeared that emphysema could be diag- 
nosed if Signs 1 and 2 were present, and this could be 
done with even greater confidence if Signs 3 and 4 
were also present, but these had to be evaluated 
relative to Signs 1 and 2. If Signs 3 and 4 considerably 
dominated Signs 1 and 2, a diagnosis of emphysema 
could not be made. When this did occur it was found 
that cardiac disease was present with changes in 
lung vasculature. Sign 5 was useful in distinguishing 
emphysema from other cardio-respiratory diseases. 

With these criteria the authors correctly diagnosed 
25 out of 26 cases of emphysema previously diag- 
nosed as such on the basis of pulmonary function 
tests. There was 1 false positive and 1 false negative; 
7 diagnoses of equivocal emphysema made by 
physiologic testing were all labelled as doubtful 
emphysema by the radiologists —Donald M. Mon- 
son, M.D. 


Maurer, Hans-Joacuim. Umwelteinflüsse und 
Lungen-Bronchialkrebs. (Environmental in- 
fluences and carcinoma of the lung.) $/raA- 
lentherapte, Mar., 1964, 723, 392—411. (From: 
R6ntgenabteilung der Chirurgischen Uni- 
versitatsklinik, Bonn, Germany.) 


The increased incidence of carcinoma of the lung 
in younger age groups and in various countries, 
especially West Germany, is pointed out. After 
considering many of the experimental and clinical 
factors related to carcinogenesis and the geographical 
and sex distribution of carcinoma of the lung, 
tobacco has to be counted as an important, though 
not the sole, causative agent. Contamination of the 
atmosphere as a result of increasing technical de- 
velopment and industrialization is felt to be a prime 
factor and of greater import. 

Removal of atmospheric contamination and re- 
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striction of tobacco consumption should be impor- 


tant prophylactic measures—Henry G. Mochring, 
M.D. 


Fries, JAMES F., and Ricurer, Curt P. Lung 
cancer: detection by use of electrical skin 
resistance method. 4.M.d4. Arch. Int. Med., 
May, 1964, 777, 624-634. (Address: Dr. 
Richter, Psychobiological Laboratory, Henry 
Phipps Psychiatric Clinic, The Johns Hop- 
kins Hospital, Baltimore, Md. 21205.) 

The need for better methods of diagnosis of 


- bronchogenic carcinoma is obvious when one notes 


that this is now the most common malignant neo- 
plasm in males, that cures are attained in only about 
§-Io per cent of cases and that diagnosis is usually 
not established early. 

Routine tests made in the Skin Resistance Labora- 
tory of the Johns Hopkins Hospital revealed a strik- . 
ing pattern in patients with chest tumors and led to 
the present study. Patients with proven bronchogenic 
carcinoma were studied on one hand, and tests were 
used on a group of outpatient high risk cases as a 
screening technique to make this a dual type of 
study. 

The electrical skin resistance method is based on 
the facts that resistance offered by the body to the 
passage of a minute direct electrical current is 
localized almost entirely in the skin and that resist- 
ance is controlled by the sympathetic nervous sys- 
tem. Resistance is not the same in all parts of the 
body. 

The method and materials needed are explained in 
detail. The body can be explored for areas of high 
resistance (denervated areas) by technical personnel. 
This is done best in a heat cabinet to make the areas 
of normal resistance contrast more sharply with 
denervated areas which will not change resistance 
levels under these conditions of increased air temper- 
ature. 

Lung tumors were found to produce 4 main types 
of patterns, the largest group of which has been 
called the cervical sympathetic lesions, This pattern is 
caused by pressure on or invasion of cervical sympa- 
thetic ganglia. The skin resistance pattern is often 
complete long before development of Horner’s syn- 
drome. 

The thoracic sympathetic lesions, intercostal lesions 
and the so-called “cape” lesions of the shoulders were 
encountered in several of the patients studied. 

False positive results are apparently very infre- 
quent. Extensive roentgen-ray therapy was found to 
increase skin resistance to a very high level exactly 
over the areas covered by the treatment fields. 

Admittedly, this appraisal of detection of lung 
cancer by the electrical skin resistance method is 
just beginning. The needed future studies may be 
very fruitful.—R:chard E. Kinzer, M.D. 
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Roviratta, Emitio. The natural evolution of 
hiatal hernias. Arch. Dis. Childhood, April, 
1964, 39, 143-148. (From: Instituto Poli- 
clinico, Barcelona, Spain.) 


Observations over the past 20 years at the Insti- 
tuto Policlinico, Barcelona, on hiatal hernia have 
shown that the condition tends to spontaneous 1m- 
provement, and that even if this does not occur a 
stomach partially or wholly displaced into the chest 
can function satisfactorily and without producing 
significant symptoms. 

Five male and 5 female infants between the ages 
of 1 and 10 months who presented with persistent 
vomiting are reported in detail. Seven of the children 
had hematemesis. Roentgenograms showed hiatal 
hernias ranging from one-fourth to total herniations 
of the stomach. 

Follow-up ranged from 64 to 20 years. All were 
asymptomatic at the time of follow-up. No roent- 
genograms were obtained in 3 cases. Four cases had 
residual but smaller hernias and 2 had no hernia. 

Twenty-four roentgenographic reproductions il- 
lustrate the findings.—Donald S. Linton, Fr., M.D. 
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Grraup, M., Bret, P., Duquesnet, J., and 
DvovzsNEL, C. (Lyon, France.) Haute ten- 
sion et radiologie gastrique. (High voltage 
and gastric radiology.) 7. de radto/., d électrol. 
et de méd. nucléaire, Jan.-Feb., 1964, 45, 47- 


54. 


In gastrointestinal work, particularly in the exam- 
ination of the stomach, there usually is no difficulty 
in detecting marginal lesions at the periphery of the 
opacified stomach. However, many a lesion and 
structural abnormality may be obscured and com- 
pletely missed due to the thickness of the overlying 
barium. 

The use of high voltage in radiography of the 
gastrointestinal tract results in reduction of the 
exposure time and a greater degree of information 
due to better penetration of the obscuring mass of 
opaque contrast material. 

In a study of the gastric mucosa at 80 kv., one 
cannot obtain a sufficiently short exposure, with 
adequate penetration through a 2 cm. thickness of 
barium. However, at 150 kv. it is possible to pene- 
trate a barium suspension § cm. thick and get 
satisfactory detail of the soft tissues of the stomach. 
It is, therefore, recommended that at energies below 
100 kv., with a triphasic current, a dilute barium sus- 
pension be used. 

On the other hand, despite the advantages of high 
kv., with improved penetration of a thick barium 
mass, the disadvantages are: a diminution of, or, a 
decrease in contrast; a more or less grayish appear- 
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ance of the film; and loss of clear detail. Even dis- 
crete perigastric calcifications may be completely 
“burnt” out. Moreover, inspite of improvements in 
the grids, emulsions and developers, the results 
obtained with a kilovoltage in excess of 150, with a 
triphasic current, are totally unpredictable. 

The authors conclude that the use of high voltage 
at 150 kv. in the examination of the stomach presents 
a satisfactory method of study with a short exposure, 
diminished secondary radiation, and improved detail 
through the “obscuring” column of contrast mate- 
rial, 

Four diagrams, charts and reproductions of 
illustrative roentgenograms accompany this article. 
—William H. Shzhadi, M.D. 


VERHAAK, R. L. O. M. Gastric tridermal tera- 
toma in an infant. F. belge de radiol., 1964, 47, 
18-30. (Address: Zandberglaan 45, Breda, 
Netherlands.) 


A palpable left upper abdominal tumor was found 
in a 16 day old male infant who vomited frequently. 
Roentgenograms showed the tumor mass lying 
anterior to the spine and containing several calcium 
or bony deposits. There were: mediocaudal displace- 
ment of the colonic splenic flexure; normal intrave- 
nous pyelographic findings; and a nodular tumor fll- 
ing the gastric lumen in the gastrointestinal series. 

Operation disclosed a tumor measuring 8.5X4X4 
cm., weighing 5c gm., which was both endogastric 
and exogastric in position. It was attached only to a 
small area of the lesser curvature of the stomach. The 
lesion proved to be a benign tridermal teratoma and 
a subtotal gastrectomy was performed. 

Seven similar cases (all males) from the literature 
are reviewed. 

Three and one half years later the reported patient 
was free of symptoms and growing normally.— 


Arch H. Hall, M.D. 


BuruENNE, H. J. Intestinal evacuation study: 
a new roentgenologic technique. Radiol. 
clin., 1964, 23, 79-84. (Address: Department 
of Radiology, University of California Medi- 


cal Center, San Francisco, Calif.) 


Roentgenologic study of the bowel usually consists 
of examination before and after evacuation. Study 
during evacuation can be of value in detecting func- 
tional abnormalities before structural changes occur 
as well as examining structurally abnormal segments. 

After filling of the bowel in the conventional 
manner, routine roentgenograms of the distended 
bowel are obtained. The patient is requested to 
evacuate while lying on the table. A radiolucent 
plastic bedpan is used for this purpose in adults. 
Changing towels suffices in small children. Dispos- 
able plastic bags with an adhesive top are preferred 
in examinations of colostomies and ileostomies. 
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Utilizing cinefluorography, bowel contraction and 
emptying are recorded at 7 frames per second. If 
cinefluorographic equipment is not available serial 
roentgenograms are sufficient. 

This method is of value in observing the altered 
function of segments of colons devitalized by vascular 
occlusion. The lack of peristaltic activity in the distal 
end of the dilated segment of Hirschsprung’s disease 
is visualized. The region of the stoma in ileostomies 
and colostomies is usually not seen in conventional 
examinations. By means of the evacuation study 
function of both the prestomal bowel and stoma can 
be evaluated. It is of particular importance in dif- 
ferentiation between stoma dysfunction due to re- 
current enteritis and stomal stricture. The stoma is 
best seen in a tangential position. Filling of the 
stricture segment during evacuation permits the 
demonstration of the extent of the lesion, whereas 
the narrowing may not allow digital examination.— 
David Morse, M.D. 


SCHARER, Lawrence L., and Buruenne, H. 
Joacuim. Megacolon associated with admin- 
istration of an anticholinergic drug in a 
patient with ulcerative colitis: report of a 
case. Am. J. Digest. Dis., April, 1964, 9, 268— 
274. (From: Gastrointestinal Clinic, Depart- 
ment of Medicine, and the Department of 
Radiology, University of California School of 
Medicine, San Francisco, Calif.) 


Possible causes of megacolon are obstruction, 
faulty bowel habits, endocrine disease and lesions of 
the central and peripheral nervous systems. The 
administration of drugs, such as anticholinergic and 
ganglionic blocking agents and the inflammatory 
changes of ulcerative colitis can also result in 
megacolon. 

A case is reported of a 70 year old woman with 
mild rheumatoid and osteoarthritis who developed 
mild diarrhea (3 or 4 loose stools daily). She had no 
history of bowel disorder and was placed on an 
anticholinergic drug (sorboquel), 3 or 4 tablets daily. 
After 1 week her abdomen became distended but 
nontender. The white blood cell count was 7,200 
with a normal differential count. Roentgen examina- 
tion revealed a markedly dilated colon with some 
gaseous distention of the stomach and small bowel. 
An amount of 1,500 cc. of urine was removed by 
catheterization of the distended urinary bladder. An 
excretory urogram revealed dilated ureters. Barium 
meal examination ruled out a low colon obstruction. 
Marginal serrations. suggested colitis. The drug was 
discontinued and she was placed on nasal gastric 
suction and intravenous fluids. The dilatation sub- 
sided and a subsequent barium examination showed 
progression of the ulcerative changes. She was 
placed on salicylazosulfapyridine and low residue 
diet. Biopsy specimens of the colon by sigmoidoscope 
showed only minimal edema of the lamina propria. 
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The ganglion cells were present in Auerbach’s plexus. 
This case illustrates the potential complications of 
administering anticholinergic drugs to patients with 
ulcerative colitis and adds another possibility to the 
list of differential diagnoses in a person exhibiting 
megacolon and megaloureter.—2avid Morse, M.D. 


Sipaway, MurwL E. Use of water-soluble 
contrast medium in paediatric radiology. 
Clin. Radiol, April, 1964, 75, 132-138. 
(From: Hospital for Sick Children, Great 
Ormond Street, London, England.) 


The purpose of this paper is to demonstrate vari- 
ous methods in which gastrografin has been found to 
be of diagnostic value in pediatrics. Neuhauser has 
pointed out the danger in the use of gastrografin in 
dehydrated patients, since gastrografin will absorb 
three to four times its volume of water in the body. 
In babies the author uses as a maximum not over 
g ml. 

In the upper gastrointestinal] tract the gastro- 
grafin is given by mouth, or may be introduced into 
esophageal or gastrostomy tubes. In the lower bowel 
it may be given per rectum or via a colostomy. 

In :£racheo-esophageal fistula with postoperative 
complications gastrografin 1s valuable, since there is 
always danger of aspiration of barium into the lungs. 
In cases of ftracEeo-esophageal fistula without atresia or 
where a tracheo-esophageal fistula occurs, gastro- 
grafin is used in the study. In Aiatus hernia with 
stricture gastrografin will sometimes pass through a 
narrow stricture which would completely block bar- 
ium. With a vescular ring there may be respiratory 
difficulty and stridor, and it is essential that an 
opaque medium be used, which, if aspirated, 1s harm- 
less. Gastrografin is particularly valuable in demon- 
strating leakage from the esophagus into the chest in 
case of a fistulous tract. Where there is a question of 
intestinal obstruction it is always dangerous to give 
barium preparations, and gastrografin is extremely 
valuable in this condition. In a few cases of pyloric 
stenosis the differential diagnosis has been indefinite, 
intestinal obstruction being one of the possibilities; 
in these cases gastrografin has been used. However, 
since the water-soluble opaque medium passes 
through the pylorus much more readily than barium, 
if the tentative diagnosis of pyloric stenosis has been 
suggested with gastrografin, the examination should 
be repeated with barium. In the newborn it is difficult 
to distinguish between a diaphragmatic hernia, with 
the hemithorax filled with intestine, and a congenital 
cystic lung. A small quantity of gastrografin will make 
the distinction. Where ana/ atresia is present it is 
necessary just prior to the corrective operation to 
assess the length of the atretic segment. A small 
catheter is inserted into the distal colostomy for a 
short distance and gastrografin is then introduced to 
outline the blind distal loop. Gastrografin is prefer- 
able to barium because it eliminates the flooding of 
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opaque medium over the exterior of the abdomen, 
and it is more readily removed than barium. Residual 
barium may lead to calculus formation. 

Occasionally in Hirschsprung’s disease the new- 
born patient may be unable to retain barium, even 
with a large enema catheter. A fine catheter may 
be introduced into the rectum, preferably to the 
rectosigmoid junction, and the colon is then outlined 
with gastrografin. In spite of its many advantages 
gastrografin is not as practical as barium for routine 
examination of the gastrointestinal tract-—Samue/ 
G. Henderson, M.D. 


GENITOURINARY SYSTEM 


Tourn, P., and Bicuerer, E. Róntgenologi- 
scher Nachweis und Beurteilung der Nieren- 
verkleinerung. (Roentgenologic demonstra- 
tion and evaluation of reduction in renal 
size.) Fortschr. a. d. Geb. d. Rontgenstrahlen u. 
d. Nuklearmedizin, April, 1964, 700, 496—515. 
(Address: Prof. Dr. P. Thurn, Stadt. Kran- 
kenanstalten, Róntgen-und Radiumklinik, 
Goethestrasse, 51 Aachen, Germany.) 


Unilateral decrease in renal size has received in- 
creased attention in recent years. The finding is im- 
portant from diagnostic and therapeutic standpoints. 
Reduction in the size of a kidney can be due to 
(1) congenital hypoplasia, (2) senile atrophy, (3) 
congenital or acquired vascular changes, and (4) 
parenchymal shrinking processes. 

Minor deviations of size are insignificant; but 
when the difference exceeds 1 cm. in length, special 
investigations are indicated. A small kidney is not 
always recognized on conventional roentgenograms 
of the abdomen due to overlying gas and other dis- 
turbing densities. Therefore, laminagrams at levels 
ranging from 7 cm. to 9 cm. above the table top are 
advised. These are especially valuable in combination 
with intravenous pyelography when the kidneys have 
a clearer outline due to the contrast staining. When 
the reduced size of a kidney is due to vascular 
changes, arteriography and early excretory urograms 
made at 1, 2, 3 and 5 minutes following the injection 
of contrast material are indicated. 

In congenital unilateral hypoplasia, the affected 
kidney is usually 5 cm. smaller than the contralateral 
kidney. Its contour is smooth, the proportional size of 
parenchyma and collecting system is undisturbed, 
and the ureter is thin. In senile atrophy, the contour 
of the kidney is also smooth, but usually both kid- 
neys are involved. 

Renal artery stenosis resulting in renal shrinking 
can be either intravascular or extravascular. The 
most frequent cause is arteriosclerosis, followed in 
order of frequency by thrombosis and congenital 
stricture, In unilateral congenital renal artery steno- 
sis, the kidney is usually reduced in size by 1.5 cm. 
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The smaller the kidney, the more is excretion 
delayed and the weaker is the contrast density. Only 
arteriography can disclose the difference between 
congenital arterial hypoplasia and extrinsic vascular 
compression. Other underlying vascular changes are 
arterial embolism, post-traumatic thrombotic ob- 
struction of an artery, also endangiitis obliterans and 
periarteritis nodosa. Ischemic infarcts with scar 
formation cause an irregular contour of the kidney. 
Nephrosclerotic processes due to either arteriosclero- 
sis or pyelonephritis cannot be differentiated without 
the aid of angiography. 

A small pyelonephritic kidney is usually unilateral, 
having an unsharp contour with lobulation, delayed 
excretion and decreased contrast of the opaque mate- 
rial. Angiography is not helpful in this condition. In 
chronic nephritis, the kidney is also reduced in size, 
but the contour 1s smooth and the involvement is 
usually bilateral. In the hydronephrotic small kid- 
ney, pyelography is most revealing. 

Renal shrinking due to gout and amyloidosis can- 
not be diagnosed roentgenologically. In renal aplasia, 
there is absence of the kidney contour and angiog- 
raphy also reveals absence of the renal artery.— 
Ernest Kraft, M.D. 


BisHop, Ropert C., Heerperxs, Dewey R, 
JR, and Srewart, Bruce H. Excretory 
urography in the azotemic patient: a revised 
technique. F. Urol., April, 1964, 97, 441—443. 
(From: Depzrtment of Surgery, Section of 
Urology, University of Michigan Medical 
Center, Ann Arbor, Mich.) 


A series of 117 patients ranging in age from 4 
weeks to 83 years was studied by a modified uro- 
graphic technique utilizing hypaque M-9o per cent as 
a contrast medium. Seven of these patients showed 
varying degrees of renal failure as indicated by 
elevated blood urea nitrogen studies and other 
criteria. 

Following 8 to 12 hours dehydration, a preliminary 
prophylactic injection of 50 mg. of benadryl was 
given intravenously followed by ṣo cc. of hypaque 
M-go. Roentgenograms were made at intervals of 5, 
IO, 15, and 30 minutes and at hourly intervals up to 
3 hours as necessary. Satisfactory urograms were 
obtained in all cases where the blood urea nitrogen 
levels were less than 40 mg. per cent and in 20 of 27 
patients with urea nitrogen levels from 40 to roo 
mg. per cent. Obstruction could be ruled out in 2 
additional cases with blood urea nitrogen levels of 
110 and 120 mg. per cent respectively. There were no 
serious reactions in any of the cases included in this 
study. Transient nausea was noted in 11 patients and 
vomiting in 3. It is believed that the inherent risks of 
this study are appreciably less than those which 
would be concerned with retrograde pyelograms in 
this same group of azotemic individuals. It 1s recog- 
nized that pyelographic detail is not expected but the 
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method offers the important advantage of diagnosis 
or exclusion of ureteral obstruction.—George W. 
Chamberlin, M.D. 


TRINKLE, J. KENT, and Kiser, WILLIAM S. 
Acute renal failure: diagnosis of etiology by 
radioisotope renography. J. Urol, Mar., 
1964, 9r, 199—202. (From: Surgery Branch, 
National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, 
United States Department of Health, Educa- 
tion, and Welfare, Bethesda, Md.) 


The authors of this article point out the need for 
prompt diagnosis in patients with acute renal failure, 
many of whom are in the immediate postoperative 
period. Functional renal failure associated with 
dehydration is a reversible state which may last as 
long as 48 hours. During this stage, prompt diagnosis 
and institution of therapy can prevent progression to 
organic failure. This latter is an irreversible state. 

A radioisotope renogram was performed on 10 
consecutive unselected patients with acute renal 
failure. One patient had acute hemorrhagic pan- 
creatitis and one had bilateral renal vasculitis 
associated with a systemic allergic reaction to a 
toxic product. Eight patients were in the postopera- 
tive period. A radioisotope renogram was performed 
on each patient within 24 hours after the onset of 
renal failure. The procedure was carried out with the 
patient sitting on the bedside supported by an over- 
bed table using a probe over each kidney with sepa- 
rate scalers and recorders for the renogram. IU 
hippuran, 3 uc/kg., was injected intravenously and 
I2 minutes later the patient received 500 cc. of 5 per 
cent dextrose in a period of 5 minutes. In those 
patients who had low serum sodium levels, normal 
saline was used instead of dextrose solution. If there 
was no change in the renogram within 5 minutes 
after completion of hydration, 50 cc. of 25 per cent 
mannitol was then injected intravenously and the 
test continued for another 10 minutes. Each test 
required approximately 30 minutes. The patients 
tolerated this procedure without untoward reaction. 

Graphic illustrations of the renograms obtained in 
patients with bilateral ureteral obstruction, dehydra- 
tion or hypovolemia, and primary organic renal dis- 
ease are presented. Patients with primary renal 
disease show a flat curve unaffected by the adminis- 
tration of fluids or mannitol. Patients who showed 
hypovolemia had a curve somewhat similar to that of 
bilateral ureteral obstruction, but which showed 
response to the rapid intravenous fluids. Patients 
with bilateral ureteral obstruction usually showed a 
rather steep ascending curve unaffected by hydration 
or by mannitol. 

Radioisotope renograms in the study of patients 
with acute renal failure correlate well with those 
obtained in the experimental animals. However, in 
some instances they may not be as clear cut and as 


Abstracts of Radiological Literature 


(0M Eu jt 


757. 


easy to interpret, indicating that the renal lesions 
under clinical conditions are not always as precise 
as those in dog experiments. 

Six figures illustrate the technique and the type of 
data obtained under various clinical conditions.— 
George W. Chamberlin, M.D. 


Amar, Aryan D. Double dose contrast medium 
in excretory urography. Surg., Gynec. & 
Obst., May, 1964, 778, 1083-1087. (From: 
Departments of Urology, Permanente Medi- 
cal Group, Kaiser Foundation Hospital, 
Walnut Creek, Calif, and Presbyterian 
Medical Center, San Francisco, Calif.) 


Excretory urography is the most common type of 
urographic examination and repetition or perform- 
ance of retrograde studies can often be avoided by 
giving a double dose of the contrast medium. 

Indications for double dose technique include renal 
function impairment, ureteral obstruction, edema or 
inadequate dehydration, hypertension, unusual body 
size, inadequate preparation, etc. 

Use of 60 cc. of So per cent hypaque, instead of the 
usual 30 cc., did not increase the incidence or 
severity of reactions.—Richard E. Kinzer, M.D. 


WINTER, CnugsTER C. The performance of 
divided renal function tests in renal hyper- 
tension: a practical method. 7. Uro/., Mar., 
1964, 97, 203-205. (From: Division of Urol- 
ogy, Department of Surgery, Ohio State 
University College of Medicine, Columbus, 
Ohio.) 


The author presents a relatively simple, easily 
controlled method of collecting total renal urine 
samples in the study of renal and renal artery lesions 
producing hypertension. The method utilizes the . 
placement of the smallest Brown-Buerger cystoscope 
which will admit the passage of sF, whistle-tipped 
catheters. The catheters are placed carefully so that 
the tips are in the renal pelves and this position is 
confirmed by roentgenograms. A 12 or 14F Foley 
catheter is placed in the bladder following removal of 
the cystoscope to serve as a check for ureteral leakage 
of urine. The ureteral catheters are connected to 
separate sterile partially evacuated 30 ml. bottles. 
Four separate specimens from each kidney are ob- 
tained for: (1) microscopic study; (2) rate of urine 
excretion, sod:um and creatinine concentrations and 
osmolarity during the first timed period; (3) deter- 
mination of the same studies during a second fixed 
time period; and (4) indigo carmine appearance and 
concentration. The procedure should take no more 
than 30 minutes unless a slow rate of urine excretion 
is encountered. This can be corrected by intravenous 
mannitol or urea. The author does not recommend 
the use of an antidiuretic hormone. 

Comment relating to the pathologic physiology of 
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renal hypertension and the value of chemical analyses 
of urine samples in identifying the kidney responsible 
for production of hypertension follows. 

In a series of 12 patients tested in this manner, 
urine leakage around the catheters was only encoun- 
tered in one instance. This was attributed to small 
renal pelves and inaccurate placement of the cathe- 
ters. The use of small ureteral catheters carefully 
placed eliminates the complications which may 
occur with large obstructing catheters, anesthesia for 
pain and other undesirable side effects of differentia! 
renal function studies as previously described in the 
literature. 

The usual criteria of unilateral diminished excre- 
tion, low sodium content and elevated creatinine 
concentration in the urine indicate the kidney re- 
sponsible for the hypertension George W. Chamber- 
lin, M.D. 


RosENTHALL, LEgoNARp. (Montreal, Quebec, 
Canada.) The role of radioisotope renal scan- 
ning in the assessment of renal disease. 
Canad. M. A. F, April 25, 1964, 90, 999- 
1004. 


The experience of the author with £oo radioisotope 
renal scans in an 18 month period is presented. One 
hundred uc of mercury 203 or mercury 197-chlor- 
merodrin was injected intravenously. Tubular con- 
centration is sufficient in 45 minutes to permit 
satisfactory scanning. 

The author has found the technique valuable in 
cases of: (1) altered function, both focal and general- 
ized; (2) space occupying lesions; and (3) in deter- 
mining renal size and disease in some cases in which 
the blood urea nitrogen is elevated and the excretory 
urogram is inconclusive. He includes illustrative 
cases demonstrating the above points. 

It is felt that the radioisotope scan is a more sensi- 
tive indicator of tubular function than is the uro- 
gram. Since the renal scan is produced by activity in 
the proximal tubules, any alteration in function or 
displacement of the tubules may be reflected as a 
region of relative hypoactivity. The smallest lesion 
which can be detected by renal scanning has not as 
yet been determined. Lesions of 2 cm. found by 
scanning were confirmed by other diagnostic pro- 
cedures and at laparotomy. 

The conclusion is drawn that the scan is of value in 
confirming or negating apparently abnormal excre- 
tory urograms. Thus the scan serves as a screening 
procedure in preparation for more definitive arterio- 
graphic work. The author points out that it is also 
quite valuable in patients with known iodine sensi- 
tivity in whom the excretory urogram cannot be 
used.—G. 4. Kling, M.D. 


Witson, Morton C., Wirsow, Cari L. 
MrNpELsOHN, E. A., Crow, Ner E., and 
SNIDER, James R. Polaroid urography: a use- 
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440. (From: Departments of Urology and 
Radiology, Holt Krock Clinic, Fort Smith, 
Ark.) 


Roentgenograms made using Polaroid type 3,000X 
film have frequently been employed in orthopedic 
and neurosurgical diagnostic procedures but have 
been less frequently recommended for urologic 
procedures. 

The authors point out the value of a rapid method 
of roentgenography when fluoroscopy is not practical 
or available. Polaroid film can be dry processed in 10 
seconds after the exposure is made. This offers a con- 
venient method of controlling the placement of a 
catheter in the urinary tract, the placement of a 
needle in the aorta or in a renal cyst, and other 
procedures carried out in the cystoscopic room when 
prompt visualization is indicated.—George W. 
Chamberlin, M.D. 


SKELETAL SYSTEM 


Levin, JOSEPH, and KuPrERMAN, HERBERT S. 
Skeletal abnormalities in gonadal dysgenesis. 
A.M.A. Arch. Int. Med., May, 1964, 173, 
730—736. (Address: Dr. Kupperman, New 
York University Medical Center, Depart- 


ment of Therapeutics, 550 First Avenue, New 
York, N.Y. 19016.) 


Many congenital abnormalities described in pa- 
tients with gonadal dysgenesis relate to the skeletal 
system. No congenital abnormality is pathog- 
nomonic, but many occur frequently. Underde- 
velopment of the chin with associated micrognathia 
ig seen in many of these patients. Thoracic cage de- 
formity with the “shield-shaped chest” and widely 
spaced nipples has been observed in as high as 68 per 
cent of patients in one series. Turner noted the fre- 
quency of cubitus valgus in his original description 
of the syndrome of ovarian agenesis. Rarefaction of 
bones and decalcifications most readily seen in the 
hands, feet and elbows may be due to estrogen 
deficiency, but this has not been proven. Nearly all 
patients are short. Skeletal maturation develops 
normally up to the age of puberty. Retardation of 
epiphyseal closure is not the usual finding in gonadal 
dysgenesis. 

Although maturation. may be normal up to 
puberty, the carpal and metacarpal bones may differ 
in their behavior frem the radius, ulna and phalanges. 
Short metacarpals occur often and the fourth 1s most 
frequently affected. Enlargement and deformity of 
the medial tibial condyle has been described in 
'Turner's syndrome and abnormality of the proximal 
row of carpal bones is discussed. 

The abnormalities in the phalanges of the authors’ 
patients are described and illustrated. The middle 
phalanx of digit 5 was short in 5 patients and absent 
in 1. In 1 case a short middle phalanx was seen in 
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digit 2. Incurving and arrested development of the 
terminal phalanx of digit 5 is described. Admittedly, 
many of these deformities are seen in mongolism, 
cretinism and other conditions.—Richard E. Kinzer, 
M.D. 


Dauum, Davin C., and Hoover, Norman W. 
Desmoplastic fibroma of bone: report of two 
cases. 7./4.M./f., May 18, 1964, 168, 685— 
687. (Address: Mayo Clinic, Rochester, 
Minn.) 


Only 9 cases of desmoplastic bone fibroma have 
hitherto been described. The authors report on 2 such 
cases out of 3,000 pathologically verified bone 
tumors at the Mayo Clinic. The lesions occurred in 
the os calcis of a 21 year old female and in the distal 
radius of a 16 year old male, both of whom were alive 
and well 51 and 31 years later, respectively. Both 
lesions were thoroughly curetted and the radial 
lesion was treated in addition with “radium packs." 

Roentgenographically the defect tends to be dis- 
tinctly central and well demarcated with a somewhat 
sclerotic and trabeculated border. In both cases the 
tumor extended into the adjacent soft tissues. It was 
a grossly dense, tough, rubbery, whorled mass of 
fibrous tissue, which histologically contained bundles 
of collagen fibers with small slender nuclei. There was 
no mitotic activity or giant cell formation, and no 
osseous metaplasia was noted. 

Surgical excision is the only recommended treat- 
ment.— Arch H. Hall, M.D. 


PaATTERSON, RicHanD J., BrcxeL, WiruraM H., 
and Danun, Davip C. Idiopathic avascular 
necrosis of the head of the femur: a study of 
fifty-two cases. Y. Bone & Foint Surg., Mar., 
I964, 46-4, 267—282. (Address: 200 First 
Street, S. W., Rochester, Minn.) 


Idiopathic avascular necrosis of the head of the 
femur is a rare disease, occurring in middle life and 
more commonly in men. It is often called osteo- 
chondritis dissecans of the femoral head. A portion 
of one or both femoral heads dies for no apparent 
reason, although presumably on a vascular basis. 
Subsequently, secondary reparative, degenerative, 
and destructive changes follow. 

Avascular necrosis of the femoral head develops in 
caisson workers as the result of either emboli of 
nitrogen or direct compression of the vascular chan- 
nels by bubbles of nitrogen gas. 

Certain blood dyscrasias, such as congenital 
hemolytic anemia and sickle cell anemia, also pro- 
duce avascular necrosis of the head of the femur. 

Coxa plana, or Legg-Calvé-Perthes' disease is 
characterized by  degenerative changes in the 
femoral epiphysis that have avascular basis and run 
a self-limited course. Clinically, coxa plana differs 


Abstracts of Radiological Literature 


719 


from idiopathic avascular necrosis in that it occurs in 
a younger age group (4 to Io years), is less frequently 
bilateral, and always heals. 

Fifty-two patients were seen at the Mayo Clinic 
from 1935 to 1960, inclusive, with a diagnosis of 
idiopathic avascular necrosis of the head of the 
femur. In order to be included in this group, a case 
had to have at least 1 of 3 criteria: adequate roent- 
genograms, a description of the lesion by the surgeon 
that confirmed the diagnosis, or a good pathologic 
specimen. 

Clinical Findings. Characteristically, there is a 
spontaneous gradual onset of pain in the hip, thigh, 
knee, or back, or in some combination of these re- 
gions. In this series, the disease was seen more com- 
monly in men, the ratio being 4:1. The average age 
at the time of diagnosis was 43.7 years with 88 per 
cent of the patients between the ages of 30 and 59 
years inclusive. 

When first seen, 32 of the 52 patients had uni- 
lateral disease and 20 had avascular necrosis of both 
hips. The interval from onset of symptoms to diagno- 
sis ranged from 1 month to 10 years. 

An interesting finding in this group of patients was 
that 17 per cent gave a history of alcoholism. No 
other disease appeared frequently enough to be 
considered related to avascular necrosis of the head 
of the femur. 

Pathologic Findings. The pathologic changes are 
quite characteristic. Presumably the initial insult to 
the head of the femur is an interruption of the blood 
supply, but where this takes place and how it occurs 
are unknown. Ás a result, a wedge-shaped area of 
necrosis develops in the head of the femur. A repara- 
tive process begins in which vascular fibrous tissue, 
or granulation tissue, advances from the edge of the 
living marrow into the intertrabecular spaces of the 
dead bone. 

Upon surgical exposure of a femoral head of this 
type, the entire articular cartilage usually appears 
viable and of relatively normal thickness. Sagittal 
sections through the center of involved femoral 
heads show three definite zones: a necrotic, fibrous, 
and viable zone. The microscopic features are de- 
scribed in detail. 

Roentgenographic Findings. The roentgenographic 
features of this disease are also quite characteristic 
and, in most cases, diagnostic. Occasionally, the first 
roentgenographic signs are band-like areas of sclerosis 
located in the femoral head or proximal part of the 
femoral neck. The zone of necrosis eventually as- 
sumes its familiar pattern—a wedge-shaped area of 
increased radiopacity, with the base adjacent to the 
articular cartilage generally under the superior 
lateral weight-bearing aspect, and with the apex 
pointing deep into the head. Not infrequently, the 
necrosis produces on the roentgenogram an atypical 
mottled area. 

The second or fibrous zone appears as a radiolu- 
cent band and occasionally gives the impression that 
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the proximal necrotic zone is free and about to fall 
into the cavity of the joint as a sequestrum. 

Roentgenographically, more than half of the head 
was involved in most of the 74 hips, distinguishing 
this disease from osteochondritis dissecans in which 
the lesion is smaller and not so deep, extending only 
a short distance into subchondral bone. 

Several characteristics distinguish idiopathic vas- 
cular necrosis from degenerative joint disease of the 
hip. There were no cysts in either the acetabulum or 
head in more than 9o per cent of the roentgenograms 
reviewed. Destruction of articular cartilage is not a 
feature of this disease. 

When the roentgenographic evidence of avascular 
necrosis 1s questionable, a lateral roentgenogram 
will often demonstrate the lesion much more clearly. 
Laminagrams may also be useful in doubtful cases. 

Surgical treatment may consist of a prosthesis for 
the head of the femur, cup arthroplasty, arthrodesis, 
curettage of a cyst in the femoral head, insertion of a 
bone graft, and displacement osteotomy. Conserva- 
tive management is recommended in the early stage. 

Sixty-eight per cent of the patients are graded as 
improved to having obtained excellent result.— 
Stephen N. Tager, M.D. 


LEFEBVRE, J., Bismurs, V., and CHAUMONT, P. 
(Paris, France.) La densimétrie de l'os chez 
l'enfant. (Densimetry of the bone in child- 
hood.) F. de radiol., d'électrol. et de méd. 
nucléaire, Jan.—Feb., 1964, 45, 11—16. 


The authors review the literature on the subject 
and present their own technique, carefully worked 
out, with correction factors for accurate radiographic 
determination of density of bone structures in 
children. 

The steps taken by the authors consist of: 

I. Placing the part examined in a body of water, 
thus equalizing the density of the soft tissues with 
the surrounding body of water, so that the bone 
structure stands out clearly, and can be well visual- 
ized radiographically. 

2. Direct radiographic magnification, utilizing 
distance to eliminate the scattered radiation diffused 
through water. 

Allowance should be made for the subcutaneous 
and intramuscular fat deposit and a correction factor 
should be likewise introduced for the intraosseous 
fatty tissues. 

Eight figures accompany this article, including 
curves and graphs for determination of the needed 
correction factors.—JV1]liam H. Shehadi, M.D. 


JLAURENSON, Rar Duncan. Bilateral anomalous 
development of the hip joint: post mortem 
study of a human fetus, twenty-six weeks old. 
F. Bone € Foint Surg., Mar., 1964, 46-4, 
283-292. (From: Department of Anatomy, 
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University of Alberta, Edmonton, Alberta, 
Canada.) 


During an investigation of the normal develop- 
ment of the humzn hip joint, anomalous hip joints 
were found in a male fetus, calculated as 26 weeks of 
age from its crown-to-rump length of 230 mm. No 
details of family or obstetrical history could be ob- 
tained. 

The gross appearance was highly suggestive of 
early arthrogryposis multiplex congenitalis. 

The pelvis was normal in shape. 

In the flexed position, the medial surface of the 
head of the left femur faced the iliac crest superiorly; 
the lateral aspect of the greater trochanter faced 
inferiorly. The capsule was thick and no cartilaginous 
socket could be identified by palpation. The head of 
the femur was located in a hood of capsule instead of 
in an acetabulum. 

On the right, the head of the femur was less con- 
spicuous than on the left. The medial surface of the 
head of the right femur faced medially; the lateral 
aspect of the greater trochanter faced laterally. The 
capsule was thick and no socket was palpable. 

Roentgenograms were made with the anterior 
superior iliac spines and the symphysis pubis in the 
same vertical plane. To accentuate the internal fea- 
tures of the hip joint, a small amount of hypaque 
sodium and air was injected into the joint cavity. 

On the left, the pit, lip and ligamentum teres were 
seen. Instead of lying adjacent to the center of the 
triradiate cartilage, asin a normal hip, the head of the 
left femur was impinging upon the lower part of the 
lium at the extreme limit of the acetabular roof. 
The head of the right femur was obscured from view 
by the hypaque sodium. 

Ossification of the ilium was well advanced on 
both sides. There was only a slight slope to the 
acetabular roof; the acetabular angle measured 15 
degrees. 

Histologic Findings. Coronal sections were cut in 
the same plane as the roentgenograms. 

On each side of the abnormal pelvis, where one 
would expect to see the acetabulum normally, there 
was a pit with an uneven floor. Each pit was lined by 
some loose connective tissue covered by the ligamen- 
tum teres, which extended from the lower region of 
the pit up over the medial aspect of the femoral 
head. Each lip was composed of cartilage with an 
outer covering of dense fibrous tissue. 

Roentgenographic Findings. Al of the roof of the 
acetabulum is revealed only when the contours of 
the joint are defined by arthrography. On a plain 
roentgenogram, the slope of the acetabular roof 
merely indicates the extent to which the ilium has 
ossified. It does not indicate the true nature of the 
socket. The significance of the acetabular roof has 
become highly controversial. Acetabular dysplasia 
found in congenital dislocation of the hip is the con- 
sequence, rather than the cause, of the dislocation. 
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Two important facts do emerge: (1) during the 
embryonic and fetal stages of growth, normal de- 
velopment of the femoral head is not dependent upon 
the acetabulum; and (2) the slope or angle of the 
acetabular roof seems to reflect the position of the 
head of the femur; if the slope is steep, the head of 
the femur does not fit snugly in its socket. 

The femoral heads were normal and both acetabula 
were abnormal, the cause of which could be genetic. 
The extent to which the roof of the acetabulum 
ossified in the presence of marked changes in the 
joint is significant. Neither the absence of the femoral 
head from its normal site nor its presence in an 
abnormal site affected primary ossification.— Stephen 
N. Tager, M.D. 


SULLIVAN, C. ROGER, and Symmonps, RICHARD 
E. Disk infections and abdominal pain. 
F.4M.A., May 18, 1964, 788, 655-658. 
(Address: Mayo Clinic, Rochester, Minn.) 


Radiologists should be aware of the clinical man- 
ifestations of disk infections. These include spasmod- 
ic backache referred to the lower abdominal quad- 
rants, elevated sedimentation rate, and symptoms 
simulating genitourinary disease. Roentgen findings 
include disk narrowing, erosion of vertebral end 
plates, and bridging of the disk space by new bone 
formation. 

The authors describe 3 cases requiring abdominal 
exploration because of severe abdominal pain which 
were eventually found to have disk infections. 
Diagnosis was delayed in all instances because vari- 
ous symptoms were thought to represent appendiceal 
abscess, bowel obstruction, aortic aneurysm, or 
retroperitoneal lymphoma. Referred pain into the 
flanks and abdomen was most misleading. 

Spontaneous fusion of the involved segments 
usually occurred following immobilization in plaster. 
Antibiotics are contraindicated except where sys- 
temic infection is present, and they may actually 
delay spontaneous fusion of the involved segments.— 
Arch H. Hall, M.D. 


BLoop AND LYMPH SYSTEM 
Revrer, S. R., and Newron, T. H. Bilateral 


atherosclerotic occlusion of the common 
carotid arteries. Radiol. clin. 1964, 33, 85-92. 
(Address: Department of Radiology, Uni- 
versity of California Medical Center, San 
Francisco, Calif.) 


The authors report a case of a 49 year old man who 
was shown by aortography to have block of both 
common carotid arteries near the arch of the aorta. 
The patient had had hypertension for many years 
and had recently noted occasional dizzy spells. These 
occurred on sudden movements or when raising the 
arms above the head. Following this he developed 
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episodes of loss of vision. These would persist 2 to 3 
minutes. 

A physical examination showed slight hyperten- 
sion. A Grade i1 retinopathy was present. Ophthal- 
modynamometry revealed the pressure to be reduced 
below normal in both eyes. Popliteal and pedal pulses 
were absent and the neck pulses were diminished. 

Translumbar aortography showed extensive a- 
therosclerotic disease of the abdominal aorta, with 
complete occlusion of both superficial femoral 
arteries, Extensive collateral circulation was noted. 

Percutaneous transaxilary studies of the aortic 
arch demonstrated complete occlusion of both com- 
mon carotid arteries. In addition, the right verte- 
bral artery was markedly steaosed at its origin. The 
left vertebral artery originated anomalously from the 
aortic arch just proximal to the left subclavian 
artery. Extensive collateral circulation was noted. 
The ophthalmic artery was not visualized. Both 
anterior and middle cerebral arteries filled from the 
vertebral arteries by way of the circle of Willis. 

A thromboendarterectomy was performed on the 
proximal right vertebral artery. An atherosclerotic 
cast measuring 7 mm. in diameter with a lumen of 2 
mm. was removed. 

Subsequent aortic studies showed block of this 
vertebral artery. 

The patient remained essentially unchanged in 
symptoms. 

Atherosclerotic disease M the common carotid 
arteries is being shown frequently, as angiography is 
being used more. Complete occlusion of both arteries 
from atherosclerosis is very rare and apparently has 
not been found by the authors’ search of the litera- 
ture. Luetic aortitis and Takayasu's arteritis have 
been reported to cause bilateral common carotid 
artery occlusion.—G. L. Sackett, Tr., M.D. 


KOnrzn, R., and VILJANEN, V. Serial arteriog- 
raphy in vascular insufficiency of the lower 
extremities. Radiol. clin., 1964, 33, 179-189. 
(Address: University Central Hospital, Hel- 
sinki, Finland.) 


The authors have carefully analyzed their series of 
158 patients with vascular occlusive disease and 
have brought forth from their work two very impor- 
tant points. They feel that examination of the lower 
extremities for vascular insufficiency by the arterio- 
graphic method should cover an area extending from 
the distal aorta to the ankle. They also feel very 
strongly that it should be a bilateral examination. 

In 91 per cent of the 158 cases the studies were 
performed by retrograde femoral aortography using 
the Seldinger technique. Exposures of the distal aorta 
and pelvic vessels were made on three 30 X40 cm. 
films, and of the lower extremities on four films with 
à coverage of 20X90 cm. 

Of the 158 cases, 130 were diagnosed as arterio- 
sclerosis obliterans, while the remaining cases were 
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almost equally divided between Raynaud’s disease, 
thromboangiitis obliterans and arteriosclerosis diabet- 
ica. In go per cent of the cases, where at least one of 
the lower limbs showed signs of circulatory disorders, 
there was evidence of changes in the aorta or iliac 
vessels. Similarly, 80 to go per cent of the lower ex- 
tremities exhibited vessel changes when at least one 
of the extremities showed signs of circulatory dis- 
orders. Only two-thirds of the cases with claudication 
had an occlusion and in 5o per cent of these it was 
- proximal to the femoral artery. 

A review of the various techniques, equipment and 
results published in the literature by other research- 
ers is presented. Attention is drawn to the fact that 
many of the published reports do not refer to the 
entire area from the aorta to the ankle and many do 
not give bilateral changes. The authors feel that this 
is quite important; in their series, 50 per cent of the 
cases showed iliac changes and 20 per cent an obliter- 
ation on one or both sides. As a simple rule one may 
assume that when occlusion occurs in one leg, the 
other leg is seriously affected in 5 of 6 cases, or ap- 
proximately 85 per cent of the time.—G. 4. Kling, 
M.D. 


THORFINNSON, P. CaRMELLE, and Hotes, R. 
Brian. Cine venography of the lower extrem- 
ity—preliminary report. 7. Canad. A. Radiol- 
ogists, Mar., 1964, 75, 27-32. (From: Toronto 
General Hospital, Toronto, Ontario, Can- 
ada.) 


The development and use of cine-recording in 
ascending venography of the lower extremities and 
the advantages of such studies are discussed. It is 
suggested that, with a more dynamic demonstration 
of pathologic venous flow, indicated surgery may be 
more specific and also less extensive. 

The anatomy and the normal venous flow of both 
the superficial and deep veins are reviewed. Previous 
authors are quoted as reporting that “apparent dila- 
tation of deep veins in a venogram may be within 
normal radiologic limits." Eight to 12 mm. widths 
may be normal. Flow patterns indicate that two-way 
flow through veins of the extremities is pathologic. 
Thrombophlebitis, with succeeding thrombus forma- 
tion, organization and recanalization, commonly 
causes destruction of the venous valves. 

A brief history is given of the earlier attempts at 
venography. The current problems in identifying the 
site and nature of abnormal venous flow leading to 
varicosities and stasis ulcers remain troublesome. 
The method used in this report includes the intra- 
venous injection of 5 to 10 cc. of contrast material 
(conray 60) distal to a firmly placed tourniquet at the 
malleoli, and the rotation of the leg about its long 
axis while cine-recording under a television monitor. 
Lead markers on the anterior distal aspect of the 
extremity aid in depth appreciation during rotation. 
The patient's position is 45 to 60 degrees towards the 
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vertical on the roentgenographic table. Recording at 
7% or 15 films per second is used since the venous flow 
is not rapid. Spot roentgenograms of 70 mm. size are 
made where necessary. 

The resulting cine-record usually shows the degree 
and direction of filing of the communicating veins; 
this is essential in the diagnosis of pathologic flow 
patterns. Monitoring at the time of injection of con- 
trast material aids in the early demonstration of an 
unsatisfactory direct filling of the superficial veins 
because of an improperly placed tourniquet. In such 
cases the study can be postponed a few minutes while 
the. veins are cleared of medium by exercise and 
muscle massage. 

Fifty-eight cases have been examined by this 
method. Not all have come to surgery. In the further 
follow-up of these patients, the degree of success of 
the more specific surgery can be assessed.— Newell K. 
Richardson, M.D. 


Nev, V. Anoman, and Konstam, PETER. 
Chronic lymphoedema in Western Nigeria. 
Brit. J. Surg, Feb., 1964, 57, 101—110. 
(From: Department of Surgery, University 
College, Ibadan, Nigeria.) 


Chronic lymphedema may be primary (idiopathic) 
or secondary to acquired disease of the lymphatic 
system. 

Of the various causes of secondary lymphedema, 
filarial parasitic obstruction of lymphatics is the most 
important, since the parasites Wuchereria bancrofti 
and Brugi malayiae are present in a substantial part 
of the tropical and subtropical climate regions. 

A separate study by the authors has shown that 
the lymph vessels from the lower leg drain into the 
lowest members of the vertical chain of superficial 
inguinal lymph nodes which lie near the apex of the 
femoral triangle and, on lymphangiograms, are oppo- 
site the lesser trochanter. Vessels from the thigh 
drain separately into the higher members of the chain 
which lie opposite the neck or the head of the femur. 

'This article is based on the study of 65 patients 
with lymphedema and has as its purpose: (1) to as- 
sess the importance of W. bancrofti as a cause of 
lymphedema in Western Nigeria; and (2) to deter- 
mine the various other causes of chronic lymph- 
edema, and any correlation which may exist between 
them and the 2 levels of lymphedema seen in Western 
Nigeria. 

'There were 36 males and 29 females observed over 
a period of 5 years in both the out- and in-patient 
departments of University College, Ibadan, Nigeria. 

The special investigations included: (a) blood 
smears taken at midnight for microfilaria of W. ban- 
crofti; (b) filarial antigen skin test; and (c) biopsy of 
the appropriate regional lymph node or skin nodule. 

Lymphangiography by the Kinmonth technique, 
wherever possible, was done. If this was unsuccessful 
in the lower leg, it was carried out in the upper leg. In 
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none of the biopsies of the regional lymph nodes was 
there evidence of dead or calcified filaria or of the 
granulation tissue containing plasma cells and eosin- 
-ophils that have been described as characteristic of 
W. bancrofti. This indicates the rarity of W. bancrofti 
in Western Nigeria. 

It is possible to subdivide the 65 patients into 4 
etiologic groups: (1) chronic lymphedema due to 
tuberculous lymphadenitis; (2) chronic lymphedema 
due to chronic pyogenic infections; (3) lymphedema 
due to malignant and other infiltrations; and (4) 
primary or idiopathic lymphedema. 

In 25 of the 65 patients studied, tuberculous 
lymphadenitis was responsible for the lymphedema. 
In the lower limb, the lymphedema affected the 
entire leg and the adjacent genitalia, in keeping with 
the widespread and indiscriminate involvement of 
the inguinal lymph nodes by tuberculosis. 

Sinuses, when present, allowed secondary infection 
to develop which probably aggravated the lymphatic 
obstruction. This obstruction occurred mainly at 
the lymph node level and caused dilatation and tor- 
tuosity of lymph vessels below this level extending 
into dermal lymph plexuses to account for “dermal 
backflow,” 

In 30 patients the lymphedema was due to chronic 
pyogenic infections, 26 arising in the lower leg and 4 
in the scrotum. In the leg, the lymphedema was 
localized below the knee. 

Seven patients had lymphedema due to malignant 
and other infiltrations, and 3 due to congenital 
anomalies. 

It is interesting to note that none of the cases could 
confidently be ascribed to filariasis—-Stephen N. 
Tager, M.D. 


WEISSLEDER, H. Röntgenkinematographische 
Untersuchungen des menschlichen Ductus 
thoracicus. (Cineroentgenographic examina- 
tions of the thoracic duct in man.) Fortschr. a. 
d. Geb. d. Röntgenstrahlen u. d. Nuklearmedizin, 
April, 1964, 700, 435-440. (Address: Rónt- 
genabteilung der Med. Universitatsklinik, 
Hugstetterstr. 55, 7800 Freiburg i. Brsg., 
Germany.) 


The thoracic duct has so far been demonstrated 
lymphangiographicaly only in animals. With the 
cineroentgenographic technique, however, one can 
also visualize this duct in man. The contrast material 
has to be injected into both feet simultaneously, as in 
lymphangiography. A unilateral injection is inade- 
quate. One to 2 cc. of the material injected into each 
foot is sufficient to demonstrate the inguinal, iliac 
and para-aortic lymph nodes, and ultimately the 
thoracic duct. The iodized oil is well tolerated, and no 
untoward effects are encountered. The flow is ob- 
served with the aid of an image intensifier and a 
television monitor. It is recorded by a 35 mm. cine- 
camera, 
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The mechanism of the lymphatic flow from the 
thoracic duct into the venous system is of special 
interest. It depends a great deal on the intrathoracic 
pressure changes during respiration. The emptying 
occurs at certain intervals and appears like a jet 
during inspiration and expiration, according to cine- 
roentgenographic studies at 15 minutes after comple- 
tion of the injection. The transport of the contrast 
material takes place in spurts from one valve to the 
next, but an intrinsic muscular factor causes the 
continuous transport during all phases of respiration. 
A reflux is:prevented by the valves. 

The emptying mechanism into the vein is the same 
as the transport of the contrast material within the 
duct. The flow, however, is freer during expiration. 
There is an ampullary widening of the duct at its 
proximal termination which never empties com- 
pletely. 

The emptying is a complex process. The movement 
of the duct was only studied in 2 patients. There was 
a slight difference in length in 1 patient, while in the 
other the duct was dilated during inspiration and 
narrowed during expiration. 

It is concluded that the flow of the contrast mate- 
rial is determined by the intraluminal valves. Other 
factors playing a significant role in propulsion are 
the lymphovenous pressure gradients and muscular 
as well as respiratory actions. A practical application 
of the method is so far confined to such conditions in 
which the lymphangiographic diagnosis has thera- 
peutic implications like in mechanical, traumatic, 
and idiopathic effusions, also in disturbed flow due to 
inflammation, tumor and thrombosis. Cardiac insuffi- 
ciency with venous congestion may cause a reversed 
flow.— Ernest Kraft, M.D. 


LacnArErE, A. P., Hucuss, A., and LAGARDE, 
Cl. Del'étude anatomo-radiologique du canal 
thoracique d'aprés 60 opacifications sur 
l'étre humain vivant. (Anatomo-radiologic 
study of the thoracic duct with 60 opacifica- 
tions in the living human.) F. de radio, 
d'électrol. et de méd. nucléaire, Jan.—Feb., 1964, 
45, 1-10. (From: Chaire de Carcinologie et 
du Centre regional de Lutte contre le Cancer 
de Bordeaux, France.) 


The first accurate description of the thoracic duct 
is attributed to Aselius in 1627. In recent years sev- 
eral workers have made valuable contributions and in 
1961 Wallace reported visualization of the thoracic 
duct following the injection of an “ultra fluid" lipio- 
dol. 

Currently performed examinations in lymphangi- 
ograpliy are intended primarily for a study of lym- 
phatic vessels and nodes of the inguinal and lumbar 
region. Radiographic observations of the thoracic 
duct have been incidental. 

The authors catheterize the lymphatic vessels at 
the dorsum of the foot, bilaterally, injecting 10 to 20 
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cc. of “ultra fluid” lipiodol, during a period of 1 to 14 
hours. In the absence of obstruction to the lymphatic 
flow the thoracic duct is opacified at the end of the 
injection. 

The thoracic duct originates from the cisterna 
chyli, formed by the junction of the intestinal and 
lumbar lymphatic trunks. The cisterna chyli is below 
the diaphragm at the level of the upper lumbar spine. 
The thoracic duct retains a close relationship to the 
upper lumbar and dorsal spine, passing through the 
diaphragm together with the abdominal aorta. The 
cisterna chyli may be represented simply by the fu- 
sion of its tributaries without any definite dilatation. 
When present the dilatation varies in different sub- 
jects. The cysterna chyli is usually at the level of L1 
and L2, but may be as high as D11 and as low as L3. 
In the chest the thoracic duct runs close to the aorta 
and then to the left subclavian artery. The average 
diameter of the thoracic duct 1s ; mm. Valves may be 
present, usually in the superior portion of the duct, 
which help the flow of lymph. A lymphatic plexus at 
about the level of the mid third of the thoracic por- 
tion has been observed. Multiple collaterals are occa- 
sionally present and lymph nodes are frequently 
opacified. The above description represents the clas- 
sic appearance and course of the thoracic duct. How- 
ever, multiple variations occur. These can best be 
understood by recalling that, embryologically in 
lower animals, there are 2 separate thoracic ducts, a 
right and a left, while higher animals have 2 thoracic 
ducts only in the early stage of their embryonal life. 
Normally the superior portion of the right thoracic 
duct and the inferior portion of the left thoracic duct 
disappear so that the final duct results from a union 
of the right lower and left upper embryonal segments. 

Various combinations of developmental variations 
may occur. Occasionally in the human subject a 
separate right and left thoracic duct may persist, and 
2 thoracic ducts may occur on the left side. 

The practical application of this study is to demon- 
strate the anatomic variations when present, and to 
explore the etiology and location, or point of origin, 
of a traumatic chylothorax. Delineation of the course 
of the thoracic ducts makes surgical intervention 
easier and more accurate. It further helps in the 
delineation of extension from, or involvement by, 
malignant disease from adjacent structures. 

The authors stress the important role which cine- 
radiography will contribute to the study of the nor- 
mal and abnormal physiology of the thoracic duct. 
This presentation is essentially a preliminary report 
to be followed by a more detailed study of pathologic 
conditions. 

The article includes 33 clear and carefully selected 
reproductions of roentgenograms.—Wiliiam H. 
Shehadi, M.D. 


Cossu, F., Marrocu, E., Scuro, L. A., and 
SuLis, E. Primi rilievi intorno alle alterazioni 
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morfologiche del dotto toracico in alcune 
cardiopatie. (First observations on the mor- 
phologic alterations of the thoracic duct in 
some cardiopathies.) Radiol. med, Feb., 
1964, 50, 108-122. (Address: Dott. F. Cossu, 
Viale S. Avendrace 121, Cagliari, Italy.) 


In a previous paper, abstracted in the June issue of 
this Journat, Marrocu and Cossu described a new 
method of roentgenologic visualization of the tho- 
racic duct by lymphangiography. 

The present report deals with the roentgenologic 
findings observed in 8 patients presenting cor pulmo. 
nale (2 cases) and mitral valve disease (6 cases, 4 of 
which showed right sided decompensation). 

From an analysis of the results obtained, the 
authors conclude that only in patients with right 
sided decompensaton did lymphangiography reveal 
definite abnormalities in the morphology of the 
thoracic duct. These were mainly: ectasia and tor- 
tuosity of the duct; and indirect evidence of slow flow 
of the contrast medium (lymphatic stasis) along the 
duct. 

These findings seem to confirm the hypothesis, 
advanced by Best and Taylor, Friedberg, and Gross, 
that a slow drainage of the thoracic duct would play 
a large role in the formation of edema. The investi- 
gators conclude, therefore, that the principal factor 
in the etiology of the morphologic alterations in the 
thoracic duct is the venous hypertension.—Z.. F. 
Govont, M.D. 


ALBERTI, G. P. Le alterazioni dei dotti linfatici 
concomitanti alle adenopatie neoplastiche e 
sistemiche. (The alterations of the lymphatic 
ducts concomitant with neoplastic and sys- 
temic adenopathies.) Ann. radiol. diag., 1963, 
36, 468-488. (From: Istituto di Radiologia 
dell'Università di Ferrara, Italy.) 


The author stud:ed the morphologic, topographic 
and dynamic alterations in thelymphatic trunks and 
nodes, as visualized by lymphangiography in neo- 
plastic or systemic diseases. 

Neoplastic or systemic diseases involving the 
lymph nodes do not necessarily cause alterations in 
the dynamics of the lymphatic flow, unless the proc- 
ess involves the marginal sinus or the hilar region or 
is located centrally in the lymph node. If only the 
marginal sinus is affected, there will be abnormal 
dynamics of the lymphatic flow and, secondarily, 
alterations in the afferent ducts of the lymph node 
involved. 

These alterations can be summarized as follows: 
(1) increase in the diameter of the afferent trunk; (2) 
prolonged opacification of the trunks; (3) extravasa- 
tion in the perilymphatic spaces; (4) mechanical 
obstruction; (5) abnormal appearance of the segment 
proximal to the lymph node; (6) visualization of 
lymphatic channels usually not opacified; (7) retro- 
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grade opacification of the lymphatic channels of 
smaller order; (8) establishment of collateral lymphat- 
ic pathways; (9) alterations in the course of the 
lymphatic trunks and of the lymphatic flow; and (10) 
displacement of the lymphatic trunks by adjacent 
adenopathies. 

The author concludes by stressing the importance 
of studying, by means of lymphography, the dy- 
namics of the lymphatic low and the formation of 
the collateral pathways. 

(For additional reports on “Lymphatic dynamics in 
certain abnormal states," on "A physiologic ap- 
proach to lymph flow in lymphography,” and on 
“Lymphangiography—A survey of its current sta- 
tus" see the June issue of this Journa.)—d/. F. 
Govoni, M.D. 


SEITZMAN, Davip M., and Harasv, Fouap A. 
Lymphangiography: an evaluation of its 
applications. 7. Urol, Mar., 1964, 9r, 30I- 
305. (From: Urology Service, Department of 
Surgery and the Department of Radiology, 
Walter Reed General Hospital, Washington, 
D. C.) 


Lymphangiography provides an in vivo method of 
demonstrating the normal anatomy of the retro- 
peritoneal lymphatic system. In 10 patients, uni- 
lateral lymphangiography demonstrated free cross- 
communication in either direction in every instance, 
illustrating the need for bilateral lymphadenectomy 
1f all of the regional lymph nodes are to be removed. 
Anomalies of the lymphatic system may also be 
demonstrated by this method. In 1 patient, direct 
communication was demonstrated between the in- 
guinal lymphatics and the thoracic duct. In addition 
to the usually accepted lymphatic drainage into the 
thoracic duct, and by way of the venous circulation 
to the left subclavian, several accessory routes have 
been noted. When the thoracic duct is occluded, the 
contrast medium fills lymph nodes in the mediasti- 
num, the opposite supraclavicular area, and along 
the intercostal vessels to the axillae. 

The authors studied in detail 21 consecutive pa- 
tients with embryonal carcinoma or teratocarcinoma, 
primary in the testis, who underwent retroperitoneal 
exploration. Of 9 patients who had a lymphangio- 
gram suggestive of metastatic tumor, 7 were shown 
to have gross or microscopic neoplasm following 
lymphadenectomy. Of 12 patients who were consid- 
ered to have normal lymphangiograms, 3 showed 
gross and 3 showed microscopic evidence of tumor 
invasion of lymph nodes following their removal. The 
finding of deviation of the ureter on the intravenous 
pyelograms was a significant and usually an ominous 
sign. 

Surgical extirpation of retroperitoneal lymphatic 
tissue is an almost impossible task since the retro- 
caval areas and the region about the renal pedicles 
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present great technical difficulties. The use of chloro- 
phyll containing ethiodol to demonstrate the lymph 
nodes has aided the surgical technical problem. The 
addition of I! to the ethiodol is of some value 
therapeutically in lymph nodes which have early or 
minimal tumor invasion. It cannot be depended upon 
for grossly involved areas. 

Four composite figures illustrate this article.— 
George W. Chamberlin, M.D. 


Doran, Patrick A., and Hucues, RoserrT R, 
Lymphography in genital cancer. Surg., 
Gynec. E Obst., June, 1964, 776, 1286-1290. 
(From: Sections of Diagnostic Radiology and 
Gynecology, The University of Texas M.D. 
Anderson Hospital and Tumor Institute, 
Houston, Texas.) 


Opacification of some of the lymph channels and 
lymph nodes involved in drainage of the female 
genitalia is achieved by cannulation of a dorsal 
lymphatic vessel of each foot and injection of a radio- 
paque medium. This method allows demonstration of 
the inguinal, external iliac, common iliac, and 
periaortic lymph nodes, but does not allow visualiza- 
tion of the obturator, hypogastric and uterine cer- 
vical lymph nodes—a fact which 1s a serious limita- 
tion, since these are the most commonly involved 
lymph nodes by metastases from cervical carcinoma, 
and the status of lymph nodes which cannot be 
opacified cannot be assessed. Less important, but 
occasionally involved, lymph nodes in the lumbar, 
presacral, periureteral, and perianal areas also drain 
the cervix; however, they are not commonly opaci- 
fied. In general, the lymphograms outline only one- 
third to one-half of the lymph nodes which drain the 
uterus and acnexa. Even when opacification occurs, 
accurate interpretation is difficult as the metastases 
must be large enough to cause visible filling defects 
and, conversely, filling defects resulting from fibrous 
or fatty deposits in the lymph nodes cannot be 
separated from those due to metastatic deposits. 

Seventy-five female patients with primary genital 
cancer underwent lymphographic study; 35 of these 
had lymphadenectomies, and the lymphographic 
findings were corroborated in 3o. There were 15 
patients with lymph node metastases; in 1 the 
iymphogram was negative. Of 20 patients with no 
pathologic evidence of lymph node metastases, the 
lymphograms were positivein 4. These errors occurred 
because minimal filling defects were overread, and 
lymph node abnormalities from nonmalignant de- 
posits were misleading. Lymphocysts were demon- 
strated in 5 patients. Residual lymph nodes were 
commonly found after lymphadenectomy. 

The studies were done on an outpatient basis 
without premedication; reactions to the injections 
occurred in approximately one-fourth of the patients, 
but these tended to be minor. 
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The present study showed an accuracy of approx- 
imately 80 per cent in demonstrating the presence or 
absence of metastases in the opacified lymph nodes. 

The authors conclude that the place of lymphog- 
raphy in the management of tumors of the female 
genitalia is as yet not determined, because along with 
its other limitations it did not serve to alter the 
course or treatment for cervical carcinoma. The one 
area of promise lay in the possible guiding of the 
treatment for vulvar carcinoma. Metastases from 
this location tend to drain to the inguinal and iliac 
lymph nodes and a negative lymphogram could in- 
dicate that a deep lymph node dissection is unneces- 
sary.—Donald M. Monson, M.D. 


GENERAL 


Dv Boutay, G. H. Radiological examination of 
two pairs of craniopagus twins. Brit. M. F., 
May 23, 1964, Z, 1337-1338. (From: St. 
Bartholomew's Hospital, London, England.) 


Roentgenologic examination of two pairs of 
craniopagus twins was undertaken at from 3 to 8 
months of age in a desire to exclude any serious addi- 
tional hidden developmental abnormalities. As the 
result of the first investigations it became apparent 
that anatomic considerations were of great impor- 
tance due to the fact that the structures in these 
heads did not lie where they were expected to be. 

When the studies were completed it was clear that 
a plane of separation had been shown between the 
two brains, but this plane lay obliquely to the site of 
any possible bone incision. A tremendous problem 
was also seen to exist because of the crossed venous 
drainage. There was no obvious cerebral abnormality 
present other than that of shape. 

Three major technical difficulties had to be over- 
come before the cerebral anatomy could be ade- 
quately studied and evaluated. 

The first was the physical presence of one twin's 
body in the radiographer's way and unsupported by 
the table during angiography. A shelf built as an 
extension to the angiographic box brought a satis- 
factory solution to this. 

'The second difficulty was to build a more com- 
plicated support to facilitate orthodox pneumoen- 
cephalography. The craniopagus twins could be 
secured to this shelf, one sitting, and the other in a 
steep Trendelenburg tilt; in the first sét of twins only 
a modified examination could be done as neither of 
the twins could tolerate a raised position to more 
than 20 degrees above the other without becoming 
pulseless. 

'The third difficulty was that of interpretation of 
the roentgenographic findings, since with the avail- 
ability of so few familiar reference points a complete 
idea of the relationships of structures shown could 
not easily be realized. The lateral series of each 
angiogram was, therefore, made as a stereoscopic 
pair, and this proved invaluable. It was also found 
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that modelling, with 3 dimensional reconstructions, 
was an essential process in deriving the accurate 
pattern of intracranial anatomy from the stereo- 
scopic images. 

This latter difficulty posed the most important 
technical problem to overcome. A great deal of 
patience is required and careful consideration must 
be given in timing the roentgenographic studies in 
relationship to the anticipated date of surgery. 
Donald M. Monson, M.D. 


Movitr, Err R, Pottycove, Myron, Max- 
GUM, Jack F., and Porrer, Wirniaw R. 
Hemoglobin C disease: quantitative deter- 
mination of iron kinetics and hemoglobin 
synthesis. 4m. F. M. Sc., May, 1964, 247, 
558-564. (From: Radioisotope Laboratory, 
Veterans Administration Hospital, Oakland, 
Calif, and The Donner Laboratory, Uni- 
versity of California, Berkeley, Calif.) 


The homozygous state of hemoglobin C disease is 
rare, and was first described in 1953. Clinically it 
seems characterized by only mild anemia and spleno- 
megaly. Erythrocyte survival studies have indicated 
that the mean life span of erythrocytes is moderately 
reduced. The present authors studied 2 sisters homo- 
zygous for hemoglobin C and performed ferrokinetic 
studies using the model of Pollycove and Mortimer. 
In this method the mean erythrocyte life span is 
determined by dividing the calculated total circulat- 
ing hemoglobin by the value obtained for daily 
hemoglobin production. Mean red blood cell volume 
was determined wich P9, 

Tests showed a more rapid than normal half-time 
clearance of radioactive iron from the plasma with 
increased iron turnover. The mean erythrocyte life 
span was respectively 33 and 36 days (normal 110 to 
130 days) and daily hemoglobin synthesis was in- 
creased. 

The results of in vivo organ counts demonstrated a 
significant degree of sequestration of red blood cells 
in the spleen. This suggested to the authors the 
possibility that enlargement of the spleen results 
from sequestration and removal from the circulation 
of abnormally formed erythrocytes.—Frederick F. 
Bonte, M.D. 


BEHAR, ALBERT, and RACHMILEWITZ, ELIEZER. 
Ellis-van Creveld syndrome: report of one 
case associated with abiotrophy of elastic 
tissue in the cardiovascular system. 4.M.A. 
Arch. Int. Med., April, 1964, 773, 606—611. 
(Address: Albert Behar, M.D., Department 
of Pathology, Hebrew University-Hadassah 
Medical School POB 1172, Jerusalem, 
Israel.) 


Ellis-van Creveld syndrome is characterized by: 
polydactylism of the hands, chondrodysplasia, 
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dysplasia of the nails, teeth'and hair and congenital 
heart disease. 

A case of a 32 year old Jewish male dying from 
intractable congestive heart failure is reported. 
Autopsy revealed a true cor triloculare biventricu- 
lare with complete absence of the atrial septum and 
normal position of the major vessels. There were: 
polydactylia (6 digits) of hands and of left foot, 
synmetatarsalism and I supernumerary metatarsal 
of the right foot, tower head, maldeveloped second 
upper molars and undeveloped third lower molars 
“roentgenologically.” An exostosis arising from the 
upper tibia (seen roentgenologically) was present and 
this is considered by Caffey to be typical of the 
syndrome. 

A finding which has not been previously described 
in the Ellis-van Creveld syndrome which was prom- 
inent in this case was dysplasia and dystrophy of 
elastic tissue of the cardiovascular system with 
multiple microdissections of atrial endocardium and 
of the intima of the aorta, thinning of the wall of the 
main pulmonary artery with dilatation of its lumen 
and cystic medianecrosis of the abdominal aorta. 

The findings, as noted in other cases of this syn- 
drome, suggest a link between it and the other 
heritable disorders of connective tissue, namely: 
(1) the Marfan syndrome, (2) the Ehlers-Danlos 
syndrome (cutis hyperelastica), (3) osteogenesis 
imperfecta, (4) pseudoxanthoma elasticum (with its 
variety of the Grónblad-Strandberg syndrome), and 
(5) the Hurler syndrome (lipochondrodystrophy).— 
David Morse, M.D. 


CopESTAKE, G. G., and Mac Donabp, J. C. F. 
The effect of uniform gamma ray fogging on 
the diagnostic usefulness of commercial x-ray 
film. T. Canad. A. Radiologists, Mar., 1964, 
15, 23—26. (From: Department of Diagnostic 
Radiology, University of Western Ontario, 
and Victoria Hospital, London, Ontario, 
Canada.) 


Film stocks exposed to radiation in the event of 
national or international nuclear emergency would 
suffer fogging effects by gamma rays. The diagnostic 
usefulness of such films would depend on the degree 
of exposure. The relation between these two factors 
forms the basis of this article. 

Since nuclear fallout has a wide range of gamma 
ray energies, cobalt 60 and cesium 137 were chosen as 
liberal approximations of early and late fallout, 
respectively. Commercial Ilford Red Seal screentype 
x-ray films were exposed under two different sets of 
conditions corresponding to the two different radio- 
active sources used. A kilocurie commercial therapy 
cobalt 60 source, 3 meters from the film, with an 
average dose rate of 3.5 r/min. was used for one por- 
tion of the study, and & cesium 137 source for the 
other. Six packets of 4 films each were exposed to 
measured doses varying from 0.5 to 16 r from the 
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cobalt 60 source at right angles to the planes of the 
films. Identical doses from the cesium 137 source 
were applied to 6 similar packets of 4 films each. 
Plain, nonscreen film envelopes were used as holders, 
and control films were reserved. 

Each of the 4 films in each packet was then em- 
ployed for diagnostic examinations. An aluminum 
step wedge (film dose under each step measured), 
the skulls of successive patients with routine exposure 
factors, infants’ chests and normal hands formed the 
4 test objects in the 2 groups mentioned. All films 
were hand processed under time and temperature 
control. 

Densitometric examinations of the step wedge 
films plotted against the logarithm of the correspond- 
ing diagnostic roentgen ray exposure showed a sig- 
nificant straight line relationship. This indicates 
that roentgenographic contrast decreases with the 
degree of fogging exposure and holds over a wide 
range of both cobalt 60 and cesium 137 radiation. 

Visual examination of the roentgenograms of the 
body parts mentioned showed results as expected. 
Films fogged with up to about 2 r under the condi- 
tions outlined could be “suitable for extremity 
radiography.” Fogging doses over o.5 r allow only 
the more gross conclusions regarding skull roentgeno- 
grams. Roentgenograms of infants’ chests were in- 
termediate (fogging dose 0.5 r to 1.0 r) in retaining 
diagnostic usefulness—~Newell K. Richardson, M.D. 


RADIATION THERAPY 


CARPENDER, J. W. J. Carcinoma of the breast, 
therapeutic dilemma. The Gordon Richards 
Memorial Lecture—1964. 7. Canad. A. 
Radiologists, Mar., 1964, 75, 4-13. (Address: 
Professor of Radiology, The University of 
Chicago, Chicago, Ill.) 


The differing points of view in the current manage- 
ment of carcinoma of the breast form the basis of this 
Lecture. The combinations of surgery and radiation 
therapy available in the various stages of the disease 
make the selections difficult if not arbitrary. 

'The approaches to the treatment of breast cancer 
fall into two divisions: the management of early and 
that of advanced or recurring disease. 

In the early malignant lesions the author supports 
the view that preoperative radiation therapy holds 
little place. On the other hand, if there is dissemina- 
tion of cancer cella at operation, might they well have 
been devitalized by preoperative irradiation if such 1s 
possible? The question of whether cancer cells are 
disseminated by surgery in early and/or late lesions, 
and the second question whether radiation therapy is 
successful in reducing the "take" of such cells at 
distant points, provoke rather keen discussions. 
Most investigators agree that spread of cells at 
operation of the early local cancer is unlikely. The 
problem of choice of simple or radical mastectomy 
remains. If the radical method is used, does the tech- 
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nique live up to the definition of the term commonly 
understood? Additional dependence is placed upon 
careful pathologic examination of all lymph nodes 
removed. Handley is quoted as having shown that, in 
6o per cent of medial half and 20 per cent of operable 
outer half breast cancers, there is evidence of positive 
internal mammary lymph nodes when the patient is 
first seen. Some form of complementary treatment is 
needed in these cases. If postoperative radiation ther- 
apy is used, it may be given soon after healing of the 
wound or reserved for the cases with recurrent dis- 
ease. 

In the more advanced cases the same choices of 
treatment remain. In addition, preoperative radia- 
tion therapy presents some advantage. Again, how- 
ever, conclusions differ on this point. The author 
proposes a strictly random study which may help, if 
such were administratively acceptable. 

Arguments for radical mastectomy alone con- 
tinue. Smith and Meyer report a study of a series of 
432 cases from the Rockford, Illinois, area operated 
upon from 1924 to 1952. Two hundred patients were 
managed by 13 “experienced surgeons” and 232 
patients by "occasional operators." The $ and 10 
year survivals were nearly identical. Thus improved 
surgical technique remains important but not an end 
in itself. 

Simple mastectomy and postoperative radiation 
therapy by McWhirter’s criteria are given general 
support. Opinions in conflict are also discussed. It is 
felt, however, that a significant portion of the 
postoperative irradiation given in the U. S. is in- 
sufficient in dose. The decrease in recurrence by post- 
operative radiation therapy is cited as evidence that 
breast cancer cells can be destroyed in this way. 

Oophorectomy and adrenalectomy are generally 
recommended in the disseminated cases, In early 
stages, the question of prophylactic or delayed gonad 
removal remains hypothetical. The value of hypo- 
physectomy with radioactive sources is discussed. 

The reading of the full text of this excellent Lec- 
ture is highly recommended for an appreciation of 
the author's work.— Newell K. Richardson, M.D. 


Fossati, F. L'oftalmopatia endocrina: problemi 
diagnostici e terapeutici. (Endocrine oph- 
thalmopathy: diagnostic and therapeutic 
problems.) Radiol. med., Mar., 1964, 50, 193- 
212. (Address: Via Quadronno, 12, Milano, 
Italy.) 


Endocrine ophthalmopathy, also known in the 
past as thyrotrophic exophthalmos or endocrine ex- 
ophthalmos, is a syndrome characterized not only by 
exophthalmos but also by pathologic changes in the 
retro- and parabulbar soft tissues and ocular annexes, 
especially the eyelids. Furthermore, it has been 
experimentally proved that the exophthalmos is not 
produced by thyrotrophin, but by another substance 
called exophthalmine which accompanies it but 
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differs chemically from thyrotrophin, internationally 
known as E.P.S. (exophthalmos producing sub- 
stance). 

In a typical and complete form of moderate degree 
in a subject, not hyperthyrotoxic, the syndrome is 
characterized by: (1) protrusion of the eyelid, either 
the upper, the lower, or both; (2) protrusion of the 
ocular bulb; (3) apparent retraction of the inferior 
eyelid with consequent widening of the palpebral 
rim; (4) slow movement of the upper eyelid in follow- 
ing the downward movement of the eye, “lid lag"; 
(5) hyperemia of the conjunctiva, mainly in the 
temporal quadrants; (6) edema of the conjunctiva; 
and (7) limitations of the movements of the eye, 
especially upward and downward. These symptoms 
may not all be present and the severity of each one 
may be independent from any of the others. 

Clinically, endocrine exophthalmos is either: (1) 
related to hyperthyroidism; (2) not related to any 
demonstrable dysfunction of the thyroid gland, 
"euthyroidism"; or (3) appears after the partial or 
total remission of hyperthyroidism, following ade- 
quate treatment, either medical, surgical, or radio- 
therapeutic. 

In the differential diagnosis the main points which 
characterize thyrotoxic exophthalmos and permit 
distinguishing it from endocrine exophthalmos, are: 
(1) the proptosis is more easily reduced by digital 
pressure; (2) symmetric, or almost always symmetric 
involvement of the eyes; (3) absence of the palpebral 
protrusion; (4) no inflammation of the conjunctiva; 
(5) frequent coexistence of lid retraction resulting in 
visibility of the sclera above and below the cornea; 
(6) absence of severe damage to the extrinsic ocular 
muscles and, therefore, of ophthalmoplegia; and 
(7) &xed eyes giving a startled expression to the 
countenance. These clinical signs should be well 
known to the radiclogist because from their evalua- 
tion may depend the correct plan for radiation 
therapy of a thyro-hypopituitary disorder. 

The pathogenesis of endocrine exophthalmos, with 
the discovery of E.P.S., has been recently clarified 
and in particular by clinical, biologic, and experimen- 
tal investigations Cone separately by Dobins in the 
United States and by Tausk in The Netherlands. 

Well known are the pathologic factors which pro- 
duce the orbital and ocular changes: (1) edema of the 
retrobulbar fat pad; (2) increase in the volume and 
mass of the extra-ocular muscles due to phlogistic 
infiltration and edema; (3) increase in the oribtal 
connective tissue; /4) infiltration of the retrobulbar 
tissues by lympho- and histiocytic elements; and 
(5) edema of the lacrimal gland. 

The treatment of endocrine exophthalmos depends 
on: (1) whether there 1s hyperthyroidism, euthyroid- 
ism, or hypothyroidism; (2) whether the syndrome is 
of recent onset or not; (3) whether the syndrome is in 
a stationary or progressive stage; and (4) whether 
there is or not involvement of the anterior or poste- 
rior segments of the eye. 
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Roentgen therapy in the infiltrative edematous 
stage is not considered by all to be of great or 
constant efficacy, while there is general agreement on 
its use, together with other palliative treatments, in 
those cases in which there is probable involvement of 
the eye. 

Roentgen therapy should be planned to include 
the hypophysis, in order to alter the activity of the 
E.P.S., and the orbit, to modify the degree of phlo- 
gistic infiltration and edema of the retro- and para- 
bulbar soft tissues. For the hypophysis the author 
prefers fields of 3X4 cm., 2 temporal and 1 frontal, 
exceptionally 1 occipital. The other technical factors 
are: 200—250 kv., filter of 1 or 2 mm. Cu, target skin 
distance of 40-50 cm., 200—250 r given generally for a 
period of 5 days, with a total dose on the hypophysis 
of 1,000-1,500 rads. In severe cases the treatment 
can be repeated after an interval of 3 to 4 months. 
The roentgen treatment of the orbit can be done 
simultaneously with the one of the hypophysis or 
separately. The irradiation is either through 1 single 
lateral field or 1 lateral and 1 anterior. In this case 
special cups protect the eye. The total dose is 
about 1,000 rads. 

The author suggests that diurectics and cortisone 
be used in conjuction with roentgen therapy. 

The article includes 18 excellent illustrations.— 
A. F. Govoni, M.D. 


REINERMANN, THEODOR. Róntgenkrebs 20 
Jahre nach Bestrahlung eines Brustwandsar- 
koms. (Roentgen carcinoma 20 years after 
irradiation of a thoracic wall sarcoma.) 
Strahlentherapie, April, 1964, 125, 632-637. 
(From: Strahleninstitut des Knappschafts- 
Krankenhauses, Recklinghausen, Germany.) 


A fibrosarcoma of the thoracic wall, at the lower 
costal margin, was excised in 1941. The adult female 
patient returned with a recurrence, which was 
excised in 1942. Postoperative roentgen therapy was 
given with an estimated dose of 6,000 r to the skin 
(the radiation records were lost during the war). She 
was seen intermittently until 1950 and showed no 
evidence of recurrence. 

The patient gives the history that in 1957 the site 
of the tumor became red and this area gradually 
ulcerated. Finally in 1962 she returned for treatment; 
the ulcer proved to be squamous cell carcinoma. 

The author believes that this represents a ‘“‘com- 
bination injury" at the site of therapy; że., that 
mechanical (and perhaps other) factors were super- 
imposed on the radiation effect to produce ulceration 
and carcinoma. Therefore, he advocates careful 
management of radiation scars and ulcers as the best 
prophylaxis against "radiation carcinoma.” —Henry 
G. Moehring, M.D. 


LessEL, WILHELM, and REICHEL, GERHARD. 
Uber die Brauchbarkeit von Réntgenschutz- 
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pasten bet Anwendung der Weichstrahl- 
therapie. (The usefulness of roentgen shield- 
ing pastes in low voltage radiation therapy.) 
Strahlentherapie, Jan., 1964, 12237, 59-63. 
(From: Strahleninstitut und Strahlenthera- 
peutische Klinik der Medizinischen Aka- 
demie, Magdeburg, Germany.) 


Ata 15cm. distance from the tube's focal spot and 
with a beam 1 cm. in diameter, various protective 
ointments were tested for their penetrability by 
several qualities of roentgen rays. Barium sulfate 
(74 per cent) and zinc oxide (70 per cent) ointments 
afforded satisfactory shielding for 20 kv. and 45 kv. 
roentgen rays in thicknesses of 1 and 2 mm., but were 
inadequate in shielding against 7o and 100 kv. 
roentgen rays. 

Lead carbonate (86 per cent) and bismuth sub- 
nitrate (86 per cent) ointments in thicknesses of 1-3 
mm. afforded better shielding against 70 and roo 
ky. roentgen rays; 3 mm. of either absorbed 97-98 
per cent of the incident 100 kv. roentgen rays.— 
Henry G. Moehring, M.D. 


Prorrrov, DiwrreR, Der Róntgenkombina- 
tionsschaden bei der Nahbestrahlung des 
Hautkrebses. (Combination roentgen injuries 
after contact therapy of skin carcinoma.) 
Strahlentherapie, Feb., 1964, 723, 285—289. 
(From: Universitats-Hautklinik, Plovdiv, 
Bulgaria.) 


The term “combination roentgen injury" serves to 
indicate that other noxious factors (e.g., climatic, 
chemical, mechanical) are added to the radiation 
effect to produce late "roentgen" ulcers. 

Of 1,700 patients with carcinomas of the skin and 
lip treated with contact therapy (60 kv., 4 ma., 
0.15—0.20 mm. of copper as inherent filter, and at 
1.5, 3, and 5 cm. focus skin distance), 64 developed a 
"combination" ulcer, 53 males and 11 females. Of 
these 31 were ulcers of the lower lip. In 50 patients, 
the ulcer appeared from 1—3 years after therapy. 

The treatment was fractionated and it was ob- 
served that the higher the dose the greater the 
incidence of late ulcer. Of 239 cases treated with 2,500 
r, only 3 developed an ulcer (in 2 of these electro- 
coagulation preceded irradiation, and in the other 
surgical treatment preceded irradiation). Of 163 
patients treated with 3,000-5,000 r, none developed 
an ulcer; of 176 patients who received 5,000-6,000 r, 
3 developed an ulcer, and of 32 patients treated with 
more than 10 ooo r, 9 developed an ulcer. 

Treatment of the ulcer should be conservative 
rather than aggressive and radical—Henry G. 
Moehring, M.D. 


GRABIGER, Ruporr, and NEHRKoRN, Orro. 
Strahlenschádigung der rechten Hand als 
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Folge eines Betriebsunfalles. (Accidental, 
occupational radiation injury to the right 
hand.) Strahlentherapie, Jan., 1964, 723, 132- 
138. (Address: Dr. R. Grabiger, Róntgen- 
und Strahleninstitut der Universitat, Langen- 
beckstr. 1, Mainz, Germany.) 


While brushing flecks of iron from the exit port of a 
fluorescence-spectrograph, a young adult sustained 
an exposure to an estimated 10,000-12,000 r to parts 
of his right hand (150 r/sec. at 20 cm. focus skin 
distance, but his hand was about 5$ cm. from the gold 
anode focus; fo kv.; 20 ma.; and 1.5 mm. beryllium 
filter). The skin showed radiation reaction in about 
I2 days; healing was beginning about 7 weeks after 
the accident. 

Ten black and white photographs depict the ap- 
pearance of the hand from 3 weeks to 15 months 
after the accident.—Aenry G. Moehring, M.D. 


BARONCELLI, G., and CAPRETTI, G. Osser- 
vazioni cliniche in ammalati di neoplasia 
polmonare sottoposti a radioterapia. (Clini- 
cal observations during and following 
radiotherapy in patients with pulmonary 
neoplasm.) Radiol. med., Jan., 1964, 50, 15- 
31. (From: Istituto del Radio “O. Alberti," 
Spedali Civili di Brescia, Brescia, Italy.) 


Of a total of 236 patients, 111 presented such ex- 
tensive neoplastic involvement as to only warrant 
medical symptomatic management. The other cases, 
with the exception of 2 which were treated surgi- 
cally, underwent telecobalt 60 therapy, either pallia- 
tive or curative in scope. 

The average survival time for those treated radio- 
logically was 12.87 months. 

The authors conclude that the improvements in 
diagnostic and therapeutic approach permit longer 
and better control of the neoplasm at its original site. 
The symptoms may become those of extrathoracic 
extension of the disease. Complications may be those 
produced by radiotherapy.— Anthony A. Blasi, M.D. 


Rozz, R., and Gras, F. Lésions hodgkiniennes 
et lymphosarcomateuses digestives. (Hodg- 
kin’s disease and lymphosarcoma of the 
digestive tract.) Y. de radiol., d électrol. et de 
méd. nucléaire, Dec., 1963, 44, 809-818. 
(From: Service de Radiologie du Centre 
médicochirurgical, Foch, Suresnes, France.) 


Malignant lymphomata may affect the digestive 
tract either as primary or secondary lesions. While 
knowledge of the primary tumors has diagnostic and 
therapeutic value, the patients are nearly always sub- 
jected to surgery because of clinical and roentgeno- 
logic polymorphism. After histologic diagnosis there 
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should be complementary treatment with physical 
agents, carolytic drugs, or both.—Frank A. Riedel, 
M.D. 


CoHEN, DoNArD M., Svien, HENDRIK, J., and 
Daun, Davip C. Long-term survival of 
patients with myeloma of the vertebral 
column. 7.4.M.A., Mar. 21, 1964, 787, 914- 
917. (Address: Dr. Cohen, Section of Publi- 
cations, Mayo Clinic, Rochester, Minn.) 


At the Mayo Clinic from 1909 through 1960 
myeloma occurred as an apparently isolated tumor 
in 55 of 413 consecutive patients with all types of 
what were felt to be solitary rumors of the vertebral 
column. Of these 55 patients with isolated foci, 18 
lived 5 or more years after initial treatment. 

The criteria which seemed to justify an initial im- 
pression of solitary myeloma were histologic verifica- 
tion, no skeletal change apart from the site of the 
principal lesion and a negative sternal marrow. Ab- 
sence of hyperglobulinemia and/or Bence-Jones 
proteinuria terded to confirm this impression, but 
their presence did not necessarily denote dissemina- 
tion. Also, histologic grading did not correlate well 
with the § year survival rate as tumors from more 
than three-fourths of the survivors exhibited mode- 
rate to marked anaplasia. Demonstration of myeloma 
cells in the bone marrow associated with an apparent 
solitary vertebral lesion by roentgenographic study 
almost invariably meant death within 2 years, while 
nearly every patient with an initial negative sternal 
marrow lived longer than 24 years. Late dissemina- 
tion of the disease was noted in many of the 18 pa- 
tients who survived 5 years or longer, with the latest 
documented dissemination occurring 21 years follow- 
ing the initial diagnosis. Of these long term survivors, 
6 remained alive and free of disease at last follow-up, 
5 to 15 years after initial therapy. 

Treatment consisted principally of irradiation 
following a needle or open biopsy, but in some cases 
followed a laminectomy, decompression, and sub- 
total removal of the rumor. One such decompressed 
patient was still able to walk 15 years after treatment 
of a moderately anaplastic myeloma. Urethane or 
cortisone was employed in only a few of the patients 
in whom dissemination later developed, and there- 
fore evaluation could not be done.—Donald M. 
Monson, M.D. 


PHELAN, Joun T., and CABRERA, AURELIO. 
Ewing's sarcoma. Surg., Gynec. C9 Obst., 
April, 1964, 778, 795-800. (From: Depart- 
ments of Surgery and Patliology, Roswell 
Park Memorial Institute, New York State 
Department of Health, Buffalo, N. Y.) 


This is a report of 14 cases of Ewing’s sarcoma from 
Roswell Park Memorial Institute. The tumors were 
located 1 each in a rib, fibula, fifth lumbar vertebra 
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and os calcis; 2 in the tibia; 3 in the femur; and 5 
cases had tumors in the pelvic girdle. The average 
age was 15 years with a 3 to 22 year range. The dura- 
tion of symptoms did not influence the course of the 
tumor. 

Pain and swelling were the common complaints. 
In all but 1 a definite tumor mass was found. Three 
had an inflammatory reaction over the tumor. Two 
had pathologic fractures, and the patient with L 5 
involvement had paralysis of the legs. 

The 4 patients with systemic manifestations of an 
acute illness, fever, weakness and lethargy, all died 
within a year. 

The roentgen findings showed a great variation, 
with irregular bone destruction and spicule or onion- 
skin periosteal new bone formation, The tumors were 
usually diaphyseal in location, but may involve the 
metaphysis or originate there. The soft tissue compo- 
nents may be larger than the osseous lesion. The 
medullary cavity was involved in 11 of their cases 
(surgical or autopsy) but tumor extension away from 
the main body of the tumor in the canal was not 
found. 

Irradiation was employed as the primary treat- 
ment in I2 of the 14 cases, with 10 receiving 3,000 to 
6,000 rads. The dosage to the metastatic lesions varied 
from 100 to 4,000 rads, but despite this there was 
partial to complete regression of primary and meta- 
static tumors in all but 3 patients. Once the tumor 
showed regression, the patient had increased well- 
being with weight gain, improved appetite and re- 
sumption of normal activities. 

Three of the 6 primary tumor sites were examined 
at autopsy and in 1 (given a 2,500 r tumor dose) 
there was histologic evidence of complete tumor de- 
struction, but in 2 others (given 3,000 and 4,000 rads) 
there were viable tumor cells. 

It is important to remember that 5 year survival in 
Ewing's sarcoma does not mean that the disease is 
arrested, as shown by the authors' results; of 11 pa- 
tients treated by irradiation, all died with wide- 
spread metastases, 7 within 2 years, 2 survived 3 
years, 1 four and 1 eight years. 

Three patients were treated primarily with surgery; 
I died within 1 year, 1 other at 9 years with meta- 
stases, and 1 has survived 4 years. 

Two patients treated with combined irradiation 
and surgery died with metastases at 2 and 7 years. 
No tumor response was obtained in 4 cases with 
metastases using chemotherapy (no details as to 
treatment are given, however). 

The authors favor amputation between double 
tourniquets after biopsy.—Mariha Mottram, M.D. 


PacurER, M. R., and Atpert, Meyer. Chon- 
drosarcoma of the foot skeleton. 7. Bone & 
joint Surg. April, 1964, 46-4, 601—607. 
(Address: Dr. M. R. Pachter, 70-35 113th 
Street, Forest Hills 75, N. Y.) 
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Two additiona! cases of chondrosarcoma of the 
foot skeleton are reported to add to the 12 docu- 
mented in the literature. 

CASE I. A 1g year old boy with a lesion in the right 
third toe. A roentgenogram showed destruction of 
the entire toe and part of the metatarsal. Resection 
was carried out to the junction of the shaft in the 
base of the third metatarsal. Microscopic confirma- 
tion of the tumor was obtained. The patient re- 
mained well without evidence of recurrence 11 years 
after the operation. 

Case 2. A 33 year old man with a 3 month history 
of pain in the dorsum of the right foot. Roentgeno- 
grams showed a destructive lesion of the proximal 
half of the first metatarsal with periosteal new-bone 
formation. The interpretation of the films and tissue 
at operation was osteomyelitis, and a curettage was 
performed. Subsequent microscopic examination of 
the specimen, however, showed it to be a neoplastic 
process. Six months later recurrence in the foot re- 
quired supracondylar amputation. Three years after 
curettage, roentgenograms of the chest revealed bi- 
lateral pulmonary metastases. The patient was lost 
to follow-up. 

The authors present a review of all previously re- 
ported cases of chondrosarcoma of the foot. The 
differential diagnosis includes enchondroma, osteo- 
genic sarcoma, and tuberculosis.—David C. Alftine, 
M.D. 


PuirLies, THEopoRE L., and SHELINE, GLENN 
E. Bone sarcomas following radiation ther- 
apy. Radiology, Dec., 1963, 8&7, 992-996. 
(Address: Department of Radiology, Uni- 
versity of California Medical Center, San 
Francisco 22, Calif.) 


It has been known since 1907 that ionizing radia- 
tion can produce neoplasia, but that the production 
of osteogenic sarcoma is rare. The authors reviewed 
the literature and found only 30 cases of bone sar- 
coma occurring in normal bone after irradiation, and 
50 cases of bone sarcoma following irradiation of be- 
nign lesions. There were 5 instances of bone sarcoma 
following radiation therapy for breast carcinoma 
and I after treatment for carcinoma of the cervix. 

A review of 2,300 five year survivors treated in the 
Radiation Therapy. Department, University of Cali- 
fornia Medical Center (San Francisco), not including 
skin lesions, disclosed 2 cases of bone sarcoma occur- 
ring after irradiation, an incidence of o.1 per cent. 
One patient was treated for carcinoma of the cervix 
and received an estimated dose to the iliac bones of 
6,000 r in 32 days. Eleven years later osteogenic 
garcoma was present in one iliac bone and probable 
radionecrosis in the other. The patient died within a 
year of pulmonary metastases. The second case was a 
female treated postoperatively for. cárcinoma of the 
breast, who had received an uncorrected dose of 
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4,800 r in 39 days to the clavicle. Five years later 
osteogenic sarcoma was discovered in the clavicle; 
she died a year later of pulmonary metastases.— 
Fames C. Moore, M.D. 


Repp, Bryan L., Ja. Bone changes following 
X radiation therapy for malignant lesions in 
region of the pelvis. Radiol. clin., 1964, 33, 
60-71. (From: The Robert Winship Memorial 
Clinic, Emory University, Ga.) 


The author reviews the bone changes associated 
with therapeutic irradiation in the pelvic region. The 
most common and disabling complication is a sub- 
capital femoral fracture. This occurs in as high as 
7.5 per cent of all patients. The first clinical mani- 
festation is pain on weight bearing. The onset of 
symptoms averages 24 to 27 months but varies 
widely. 

Roentgenograms made early in the course of the 
process often show no changes. Initial changes may 
be small fissures on the upper margins of the femoral 
neck and irregular line of increased density in the 
same region, or small scattered circumscribed areas 
of radiolucency. After the fracture is complete, the 
fragments are less well outlined than in the usual 
situation, Rarely, fractures may involve the pubic 
region or acetabulum but are of little clinical im- 
portance. 

The radiation exposure to the femoral neck varies 
with the field arrangement used, the lateral fields 
contributing a large fraction of the total dose. Intra- 
cavitary radium also may contribute a significant 
. portion of the total dose. Energy absorption in bone 
is less with sypervoltage but fractures occur with 
this quality radiation also. 

Treatment is usually conservative but internal 
fixation may be required. 

The importance of distinguishing these fractures 
from osteolytic metastases is stressed.— Barry E. 
Gerald, M.D. 


RADIOISOTOPES 


CARRUTHERS, Bruce M., and MolwrosH, 
Hamisy W. Triolein-I tolerance in patients 
with coronary heart disease. Canad. M. A. F., 
May 23, 1964, 90, 1213-1214. (From: Clinical 
Investigation Unit, Shaughnessy Hospital, 
and the Department of Medicine, University 
of British Columbia, Vancouver, British 
Columbia, Canada.) 


The oral triolein-I!1 tolerance test was done on 39 
patients to determine whether it would be of value in 
the diagnosis of coronary heart disease. The patients 
were divided into three groups: 9 normal patients; 
17 patients with predisposing conditions, such as 
arteriosclerosis or atherosclerosis, but with no 
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definite evidence of coronary heart disease; and 13 
patients with proven coronary heart disease. 

Each patient received 50-100 pe of triolein-I!*! 
in a gelatine capsule with a standard breakfast con- 
taining 30 grams of fat. Blood samples were taken at 
2, 4, 6, 8, 12 and 24 hours. The total blood and the 
lipid-bound radioactivity was estimated according to 
the method of Seller. 

The three groups could not be differentiated, as the 
results were too variable. Three patients in the 
proven coronary group showed abnormally high 
blood levels of Itpid-bound radioactivity. 

The authors conclude that the test is of no value in - 
the diagnosis of coronary heart disease, but may be 
useful in indicating those patients with coronary 
disease who dispose of orally ingested fat abnor- 
mally.—Charles W. Cooley, M.D. 


WaGNER, Henry N., Jr., Weiner, Irwin M., 
McArzeze, Joun G., and MARTINEZ, Joss. 
I-mercuri-2-hydroxypropane (MHP): a new 
radiopharmaceutical for visualization of the 
spleen by radioisotope scanning. 4.M.A, 
Arch. Int. Med., May, 1964, 773, 696-701. 
(Address: Dr. Wagner, The Johns Hopkins 
Hospital, Baltimore, Md. 21205.) 


The most successful methods for visualization of 
the spleen by radioisotope scanning depend upon the 
removal of abnormal erythrocytes from the circula- 
tion by the spleen. In recent years the best procedure 
has involved deforming red cells by moderate heat- 
ing, and tagging them with chromium 51. The com- 
pound 1I-mercuri-2-hydroxypropane (MHP) has been 
known since 1900, when it was synthesized in the 
course of a study of diuretic substances. Its investi- 
gators noted that although it had little diuretic activ- 
ity MHP localized in the spleen in high concentra- 
tion. This fact was uncovered by the present authors 
who proceeded to synthesize a related compound, 
BMHP  (1-bromomercuri-2-hydroxypropane) and 
found that this compound was firmly bound by red 
cells, with between 9o per cent and 98 per cent of 
radioactive mercury incorporated in the BMHP in a 
firm union with test erythrocytes. The bond was re- 
sistant to washing and chemical removal. Exposure 
to BMHP was found to produce sequestration of red 
blood cells in the spleen because of the deformity 
produced by exposure to this compound. 

When tagged with mercury 203 or mercury 197, 
BMHP seemed to represent an ideal tracer for 
spleen scanning, and was tested by the authors in 
about 100 patients. The photoscan appearance of the 
normal spleen 1s illustrated, and patterns obtained 
with several abnormalities are also shown. 

The tracer is a good one in that it provides high 
specific activity over the spleen, and pharmacologi- 
cally it is safe, with its toxicity being that of the 
component mercury. If the dose of mercury is kept 
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below o.1 mg./kg. body weight, toxic reactions 
should not occur. Ás with other tracers containing 
radioactive mercury, the renal radiation dose is 
rather high, but may be lowered into an acceptable 
range by the use of BMHP tagged with mercury 197. 

BMHP mercury 197 now represents the tracer of 
choice for scanning of the spleen. —Frederick F. Bonte, 
M.D. 


Fincu, Sruarr C. Recognition and clinical 
importance of thorium dioxide (thorotrast) 
deposits in human unstained bone marrow 
smears. Yale J. Biol. €9 Med., April, 1964, 36, 
388—395. (From: Department of Internal 
Medicine, Yale University School of Medi- 


cine, New Haven, Conn.) 


Thorium dioxide is an alpha, beta and gamma 
emitter with a half life of 1.4 10° years. It has been 
used as a contrast medium to outline the liver and 
spleen and also in arteriography. Thorium dioxide, 
or "thorotrast," is almost completely retained and 1s 
taken up by the reticulo-endothelial system, and is 
deposited in the marrow medullary space, along the 
endosteal surface of bone, in the liver and spleen. 
Roentgenograms may show thickening of the shafts 
of the long bones associated with endosteal irregular- 
ity and trabecular thickening. The liver and spleen 
show fine mottled densities due to the deposits. 

The deposition of thorotrast in the tissues is a 
serious radiation hazard due to the excessive local 
ionization and may result in granuloma formation, 
fibrosis and neoplasia. 

'The hemosiderin content of bone marrow can be 
estimated by direct microscopic examination of un- 
stained bone marrow smears and 1s of value in the 
clinical evaluation of cases of iron deficiency and iron 
excess. Hemosiderin appears as highly refractile 
golden or amber crystals. Thorotrast appears as 
crystalline aggregates in the unstained bone marrow 
smears. The aggregates are moderately refractile and 
do not have a golden appearance. Thorotrast has 
been identified many times in the stained bone 
marrow smears in patients who have received thoro- 
trast injections. Thorotrast appears as refractile tan 
granules in the reticulo-endothelial cells or in fibrous 
tissue. 

'Three cases were found to have thorotrast deposits 
in the bone marrow in the process of examining 
several thousand unstained bone marrow smears for 
hemosiderin content. The three case histories are 
presented in detail. Thorotrast was given to the 
above cases to outline the liver and spleen, in an 
attempt to demonstrate a liver abscess and as a 
contrast agent for cerebral angiography. 

The importance of differentiating between de- 
posits of thorium dioxide and hemosiderin is em- 
phasized.—Charles W. Cooley, M.D. 
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Reip, Bevan L. Autoradiographic analysis of 
uptake of tritiated thymidine and S® cystine 
by cultured human cervical explants under- 
going metaplasia. 7. Nat. Cancer Inst., May, 
1964, 32, 1059-1074. (From: Queen Elizabeth 
II Research Institute for Mother and Infants, 
University of Sydney, Sydney, N. S. W., 
Australia.) 


! 


Cervical erosions heal by replacing the columnar 
epithelium with the transitional cell type which may 
mimic the structure of the original squamous epi- 
thelium. This process is called metaplasia. Tissue 
undergoing metaplasia was obtained from the 
columnar-covered portions of the cervix adjoining 
the squamocolumnar junction by punch biopsy 
from healthy women who were 6 to 7 weeks post 
partum. The specimens were cultured for 4 hours 
with one-half of each specimen being subjected to 
H? thymidine and the other half to S% cystine. 
Autoradiographs were prepared and analyzed. 

The various cell types incorporated the H? thy- 
midine as follows: normal squamous epithelium was 
consistent with approximately § per cent of basal and 
parabasal cells incorporating; metaplastic squamous 
epithelium was variable with a similar small per- 
centage of most specimens incorporating but with 
occasional specimens having a much higher per- 
centage; exposed columnar epithelium had less than 
I per cent of cells incorporating; deeper columnar 
epithelium did not incorporate. No incorporation 
was observed in subepithelial tissue except in plasma 
cells and epitheloid fibrocyte collections underlying 
sites of metaplasia. 

The cytoplasm of the more superficial plasma cells 
in the area of early metaplasia was labeled with the 
S* cystine, whereas the cytoplasm of the deeper 
plasma cells was not. Cells in both subepithelial and 
epithelial tissues contained abundant label in the 
areas of early metaplasia. 

The following comments were made regarding 
proliferation behavior: (1) the only site of the incor- 
poration of the label seen in the columnar epithelium 
was in those cells at the apex of the villous projec- 
tions that had undergone a change in shape from 
columnar to cubical. The epithelial overgrowth repre- 
sents the earliest phase of metaplasia; (2) the high 
rate of TTH incorporation by occasional specimens 
of metaplastic squamous epithelium was thought to 
be either an irregular occurrence or quite regular but 
evanescent. The possibility was considered that as 
the metaplastic process overtakes new areas in the 
cervix there is a stage of rapid proliferation of short 
duration followed by a slower rate of proliferation. 
It was speculated that if there is some association 
between metaplasia and carcinoma of the cervix, 
such a rapid proliferative phase may be of importance 
and if an external carcinogen is present, conditions 
would be ideal for its entry into the genetic mecha- 
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nism of the cell; and (3) the involvement of plasma 
cells and epitheloid fibrocytes, where metaplasia is 
occurring, suggests a constant turnover of these cells 
which does not occur in the same cells deep in the 
subepithelioid tissue. Cell proliferation may indicate 
some subepithelioid participation in the process or 
may indicate only the response of local antibody- 
producing cells to the presence of a foreign antigen. 

The distribution of the S% label in certain plasma 
cells reinforces the concept developed from the TTH 
incorporation that plasma cells differentiate in situ 
where metaplasia 1s active. They produce a protein 
rich in SH groups during the differentiation. The 
protein is most likely globulin and of an antibody 
nature.—Charles W. Cooley, M.D. 


SHEALY, C. Norman, Aronow, SAUL, and 
BnowweLL, Gorpon L. Gallium-68 as a 
scanning agent for intracranial lesions. 7. 
Nuclear Med., Mar., 1964, 5, 161—167. (From: 
Neurosurgical Service of the Massachusetts 
General Hospital, Boston, Mass.) 


Gallium 68 has a half life of 66 minutes. It is par- 
ticularly useful for brain scanning as it emits 85 per 
cent positrons with few nonannihilation gammas. 
It is the natural decay product of germanium 68. 
Separation of the gallium 68 is simple, and the cost is 
relatively inexpensive. The isotope is of particular 
value with camera-type detection systems, showing 
promise in reducing scanning time from hours to 
minutes. 

Details are presented concerning the separation of 
gallium from germanium, toxicity studies, and the 
preparation of the gallium 68. 

Experimental studies in mice with transplanted 
subcutaneous ependymomas indicated tumor to 
brain uptake ratios ranging from 6:1 to 12:1 depend- 
ing on the gallium preparation used. 

Forty-seven scans were done on 35 patients, all 
but 3 of whom had had copper or arsenic scans for 
comparison. Versenate, phthalocyanate, protoporph- 
yrin, galloarsenate, gallate, and ionic gallium 68 com- 
pounds were used. All scans were generally satisfac- 
tory with these compounds. 

As gallium 68 has a half life of 66 minutes, total 
radiation should never exceed 10 rads, even if all the 
isotope 18 concentrated in one organ. Sodium gallate 
and sodium galloarsenate in particular, deserve fur- 
ther evaluation as brain scanning agents in a search 
for a more ideal radioactive agent.—William K. 
Littman, M.D. 


McCuintocx, James T., and DALRYMPLE, 
GLENN V. The value of brain scans in the 
management of suspected intracranial lesions. 
F. Nuclear Med., Mar., 1964, 5, 189-192. 
(From: University of Colorado Medical 
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Center, Department of Radiology, Denver, 
Colo.) 


The authors reviewed 111 brain scans done at the 
University of Colorado Medical Center prior to 
March, 1963. 

A Picker Magnascanner with a thallium activated 
sodium iodide crystal, focusing collimator, and both 
dot and photo recording were employed: Neohydrin- 
Hgt and I% HSA were used intravenously for the 
scans. The former was preferred and used in doses of 
10 uc/kg. of body weight and given 4 hours prior to 
the scan. Twenty-four hours prior to the injection a 
commercial mercurial diuretic was administered 
intramuscularly to protect the kidneys. 

A positive diagnosis of a space occupying lesion was 
made only when there was a fairly well localized area 
of increased concentration of the radioactive ma- 
terial. Areas of decreased concentration were not 
considered significant. 

Twenty-two of the 111 scans were considered posi- 
tive. All but one of the 22 haa histologically proven 
intracranial lesions at surgery or autopsy. Of the 89 
scans read as negative, 9 had histologic proof of a 
space occupying lesion. Thus 21 of 30 proven space 
occupying lesions were demonstrated by the brain 
scan. 

From the review it is evident that a negative scan 
could not imply exclusion of intracranial pathology. 
In the series, a positive interpretation could have 
been used to avoid more extensive studies such as 
angiograms. Histology of the tumor did not influ- 
ence the character of the abnormal scan. 

A table is presented listing all proven cases as to the 
isotope employed, diagnosis, and means of proof.— 
William K. Littman, M.D. 


TEÉn-PocossiAN, MICHEL, KASTNER, JACOB, 
and Vest, Tuomas Bruce. Autofluorog- 
raphy of the thyroid gland by means of 
image amplification. Radiology, Dec., 1963, 
F, 984-988. (Address: The Edward 
Mallinckrodt Institute ot Radiology, 510 
South Kingshighway, St. Louis 1o, Mo.) 


In a conventional scintiscanner which permits 
visualization of organs that concentrate compounds 
labeled with gamma- or x-ray emitting radioactive 
elements, the collimator excludes from the crystal all 
photons except those emitted from a small defined 
volume. The authors describe a system which permits 
a "look" at the entire organ continuously, and 
briefly discuss the apparatus used in this study. This 
apparatus consists of a honeycomb type collimator, 
an x-ray image amplifier, a fast lens system, and a 
Polaroid camera. 

This system was tested with a thyroid phantom 
containing a solution of iodine 125 and having vari- 
ous filling defects. The results showed that, while 
this instrument could not be used on a patient be- 
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cause of the large diameter of the image amplifier, an 
outline of the thyroid and large defects of the gland 
could be demonstrated. The information-gathering 
efficiency which consisted of a study of the photon- 
gathering efficiencies of the conventional scintiscanner 
and this new system, or autofluorography, was evalu- 
ated. A comparison of the results showed that the 
photon-gathering efficiency of the latter, for an area 
of 100 sq. cm., is about ten times greater than that of 
a scintiscanner. In practice, however, this efficiency, 
which suggests the use of 10 times less activity, could 
not be used because of a certain undesirable feature 
in the structure of commercial x-ray image amplifiers. 

The authors conclude that this new autofluoro- 
graphic system may be useful for clinical applications 
if an amplifier tube for this purpose can be designed. 
—Donald N. Dysart, M.D. 


STARR, PAUL, JAFFE, Henry L., and OETTINGER, 
Leon, Jr. Late results of I! treatment of 
hyperthyroidism in seventy-three children 
and adolescents. F. Nuclear Med., Feb., 1964, 
5, 81-89. (From: Los Angeles County Hos- 
pital; Department of Medicine, University of 
Southern California; The Children's Hos- 
pital; and the Division of Radiation Therapy, 
Cedars of Lebanon Hospital, Los Angeles, 
Calif.) 


The authors studied 73 children and adolescents 
treated with I!" between 1949 and 1961 for hyper- 
thyroidism to determine the carcinogenic or dys- 
mutagenic effect on these patients. In all adequately 
treated cases hyperthyroidism was controlled. Two 
deaths occurred within 1 year of treatment, but they 
were not attributable to I!" therapy. One patient 
developed a thyroid nodule after shrinkage of a large 
gland with I! which was found at surgery, 27 months 
after treatment, to be papillary adenocarcinoma. 
Because of the short time interval, I!3! was not felt to 
be causative. The growth and development of the 
patients appeared normal. Thirty-one healthy nor- 
mal children were born to 20 of the patients although 
I patient aborted a pregnancy which would have 
resulted in Siamese twins. 

Although a longer follow-up is necessary, these 
results would indicate that I therapy is a safe 
method for hyperthyroidism in children.—Richard 
W. VanBuskirk, M.D. 


Lippincott, Stuart W., Corcoran, Cor- 
NELIA, JANSEN, Cornetius R., Jessepn, 
Joun E. Rar Kanti, Aronow, Savt, 
GREENE, MangGARET W., and Sweet, WIL- 
LIAM H. Labeling ot human globulin with 
I^ for positron scanning of neoplasms. F. 
Nuclear Med., Mar., 1964, 5, 193-199. (From: 
Department of Pathology, Bowman Gray 
School of Medicine, Winston-Salem, N. C.) 
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The materal presented in this paper is part of a 
continuation of laboratory and clinical investigations 
to determine the physicochemical properties and 
functions of the serum proteins in neoplastic diseases. 
Turnover studies of labeled gamma globulin prepared 
from healthy donors and of labeled aberrant gamma 
and beta globulins from patients with multiple 
myeloma have been performed. The turnover rate of 
the aberrant globulins has been found to be higher in 
those patients with metastatic carcinoma of the 
breast. This fact suggests the possible application to 
the diagnostic problem if the site of accelerated 
catabolism should prove to reside within the growing 
neoplastic mass. 

A positron emitter, I, was selected for labeling 
the globulins. The production of two gamma rays, 
emitted in opposite directions, is felt to help in 
localizing varying amounts of radioactivity in rela- 
tively small tissue volumes. The I™ was prepared by 
the Brookhaven National Laboratory. Both normal 
human globulin and aberrant globulin were labeled 
with P, 

The present study concerns the demonstration 
that human fractionated globulin may be satisfac- 
torily labeled with I“ and that such a preparation, 
when injected intravenously, concentrates in suff- 
cient amount in a brain neoplasm to be identified 
with positron scanning. — . 

Three patients with proven glioblastoma multi- 
forme were studied using I™ labeled gamma globulin 
as the localizing agent. Scans were made immediately 
after injection and on successive days up to 8 days. 
Initially, there was only uniform density over the 
head and along with monitor counts it showed that 
radioactivity was in the blood. By the third day the 
activity was localizing at the sites of the tumors. This 
indicated that the gamma globulin was taken up by 
the tumor and was not just due to the relative 
amounts of blood in the tumor as compared to normal 
brain. 

The objective of such studies is to determine with a 
properly devised positron scanner whether an anti- 
gen-antibody reaction occurs at tumor sites when 
ES labeled aberrant globulin (carrying antibody to 
neoplastic tissue) is injected into the patient. If this 
occurs and there is no antigen-antibody reaction with 
labeled normal globulin, there should be different 
counting rates for the 2 globulins, with the aberrant 
globulin counts higher due to increased catabolism.— 
William K. Littman, M.D. 


SKLAROFF, Davip M., and Caarxes, N. Davin. 
Diagnosis of bone metastasis by photoscan- 
ning with strontium 85. ¥.4.M.2., April 6, 
1964, 788, 1-4. (Address: Dr. David M. 
Sklaroff, Albert Einstein Medical Center, 
Northern Division, Philadelphia, Pa. 19141.) 
Strontium 85 emits a gamma photon of 0.513 mev. 

Strontium nitrate is given intravenously, 50 uc to 
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adults and 20 uc to patients under 20 years of age; 
24748 hours later the patient is scanned. 

Forty cancer patients have been examined. In 18 
patients with either osteolytic or osteoblastic lesions, 
the scan and the roentgenograms were both positive. 
In 3 patients with negative roentgenograms, the scan 
was positive and 2 of these showed metastases by 
biopsy. In 3 patients with osteolytic lesions, the 
roentgenograms were positive, whereas the scan was 
negative, This is most likely to occur in patients with 
rapidly growing anaplastic tumors such as reticulum 
cell sarcoma, when there is much bone destruction 
but negligible bone repair. 

Scans are of value in demonstrating metastatic 
lesions which are not easily visualized on routine 
roentgenograms and may indicate the desirability of 
employing special projections, or laminagrams. 
Occasionally a scan will reveal a metastasis in spite 
of a lack of symptoms and a negative roentgenogram 
of the area. This is of obvious value in the planning 
of radiation therapy. 

Four cases are described in detail.—<Steven H. 
Cornell, M.D. 


Fiscuer, J., and Worr, R. Quantitative estima- 
tion of spleen size by scintigraphy. German 
Med. Monthly, Feb., 1964, 9, 63-68. (From: 
First Medical Division and Polyclinic and 
the Institute of Clinical Radiology, Johannes- 
Gutenberg University, Mainz, Germany.) 


Scintigraphy of the spleen is useful in the evalua- 
tion of left upper quadrant masses, infiltration or 
replacement of the splenic pulp, clinically question- 
able or inapparent splenomegaly, and for the demon- 
stration of accessory spleens. 

A reliable estimate of splenic size can be made from 
a measurement of its area in the lateral projection; 
70-80 cm.* is the upper limit of normal for the area of 
the spleen in lateral projection. The surface area 
must be corrected for body size. The area of the 
spleen divided by the body surface area gives a figure 
termed the “spleen surface index"; the normal range 
is from 2.5 to 4.5 X IO 5. 

Of 200 spleens scanned, only one palpably en- 
larged spleen failed to show on the scintigram. In 175 
cases of splenomegaly, the enlarged spleen was found 
by clinical examination in 20.6 per cent, whereas it 
was revealed by scanning in 73 per cent. Thus, ap- 
proximately three-fourths of enlarged spleens are not 
detectable clinically. 

Scintigraphy is useful in following the change in 
splenic size, particularly the shrinkage following 
treatment. It provides a much more reliable index of 


splenic size than clinical examination.—S$/even H. 
Cornell, M.D. 
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MacLeop, Jonn, Horcuxiss, Roperr S., and 
SiTTERSON, BEECHER W. Recovery of male 
fertility after sterilization by nuclear radia- 
tion. F.4.M.A., Feb. 29, 1964, 7&7, 637-641. 
(Address: Dr. John MacLeod, 1300 York 
Avenue, New York, N. Y.) 


In varying degrees, 8 men were exposed to a nu- 
clear excursion originating in an enriched (go per 
cent, U5) uranium-bearing solution, which in- 
advertently had been transferred by water-flushing 
into an open tank in their vicinity. Those who had 
received high doses were ill wich the acute radiation 
syndrome characterized by nausea, vomiting, epila- 
tior, and typical hematologic changes. 

It had been established that at least 5 of these 
men received sufficient total body irradiation (236 to 
365 rads) to produce symptoms of acute radiation 
syndrome and that at least 5 had been found to be 
sterile within 4 months after the accident. As deter- 
mined at intervals by semen quality, a virtually 
sterile state was maintained for at least 21 months. 
Disturbances in morphology of the few spermatozoa 
present in the ejaculate were observed during this 
time. Á reasonable to good level of potential fertility 
was attained at 41 months after exposure. 

Review of the male fertility data on other recorded 
cases of sublethal nuclear radiation accidents has 
clearly shown that relatively small amounts of radia- 
tion will produce pronounced effects on the testes, 
but that ultimate recovery of some degree of fertility 
is possible in most, if not all, such cases.— Eugene 7. 

cDonald, M.D. 


Gunz, F. W., and ArkiusoN, H. R. Medical 
radiations and leukemia; a retrospective 
survey. Brit. M. F., Feb. 15, 1964, Z, 389—393. 
(Address: Dr. Gunz, Haematologist, North 
Canterbury Hospital Board, Christchurch 
Hospital, Christchurch, New Zealand.) 


Ionizing radiation is the only extraneous factor 
known to be capable of causing leukemia in man. 
This has been shown beyond doubt by the American 
studies on leukemia incidence following the atomic 
bombing of Hiroshima and Nagasaki and by the 
British investigation of patients who had developed 
leukemia after radiation therapy for ankylosing 
spondylitis. However, although it is certain that 
radiations can cause leukemia, very little is known 
about the actual part which they may play in produc- 
ing the disease in the population at large. This 
clearly cannot account for the steady rise in leukemia 
mortality that has been noted throughout the world 
for the past decades, but it appears distinctly pos- 
sible that a proportion of the sporadically occurring 
leukemia cases may have resulted from exposure to 
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radiation, The present report, preliminary results of 
which have been published, gives details of a survey 
of the histories of patients with leukemia. Its main 
objective was to compare the patients’ experiences of 
ionizing radiation with those of a series of matched 
controls, and to assess the degree to which radiation 
exposure could have been responsible for the causa- 
tion of the disease. 

This material consists of 590 unselected cases of 
leukemia comprising 87.3 per cent of all leukemias 
known to have occurred in New Zealand between 
March 1, 1958 and December 31, 1961; there were 
also 122 cases of myelomatosis and 712 controls. A 
further 86 (12.3 per cent) cases were known to have 
occurred in the same period but could not be in- 
cluded because information on them was incomplete. 

As soon as possible after diagnosis, patients or their 
closest relatives were interviewed by a medical 
practitioner with the aid of a uniform questionary. 
This included questions concerning the history of 
past radiation, and also the patients’ medical, occu- 
pational, and family histories, the purpose being to 
establish the incidence of other factors of possible 
etiologic significance, besides radiations. Control 
patients were chosen from the local hospital popula- 
tion and matched for age and sex. They were other- 
wise unselected, except for exclusion of any known to 
be suffering from blood diseases. Each pair of 
leukemia and control patients was interviewed by 
the same practitioner. All reports were centrally 
coded and analyzed. The initial radiation histories 
were compiled from the recollection of either the 
patients or their relatives or both. Efforts were made 
to confirm from hospital records all histories so ob- 
tained. This proved possible in all but a very few 
instances where the administration of radiotherapy 
was reported. It was much more difficult with radio- 
diagnosis. Because of this uncertainty, the authors 
decided to discard all diagnostic histories except 
those for the Io years preceding the onset of the 
leukemia or, in the case of controls, that of the illness 
for which they were admitted. Dental roentgeno- 
graphic examinations were also excluded. No expo- 
sures were counted if they had been made for the 
diagnosis of symptoms possibly due to the leukemia 
or the disease for which the control patient had been 
admitted. 

For diagnostic radiation an initial rough estimate 
was made of the probable skin doses received, on the 
bases of average figures supplied by the Dominion 
X-ray and Radium Laboratory for the various radi- 
ology departments concerned. For the years begin- 
ning with 1955, the dose estimates used corresponded 
closely to those given by Webster and Merrill, but 
for earlier years were some three times greater. 

For therapeutic radiation, dates, numbers and 
treatments given, field positions and sizes, and radia- 
tion factors were supplied by the radiologists con- 
cerned. Calculations of both the integral dose and 
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that to the bone-marrow were made as previously 
described. 

Bone-marrow doses were calculated for all pa- 
tients assessed as having skin doses totalling 10 r or 
more in Io years, the method of calculation being the 
same as that for therapeutic exposures. 

An alternate method of calculating doses by rela- 
tive weight value, using a roentgenogram of the chest 
as one, was also employed. 

In the therapeutic radiation patients there were 
355 with acute, 78 with chronic granulocytic, and 157 
with chronic lymphocytic leukemia, as well as 122 
with myelomatosis and 712 controls. 

In the diagnostic group during the preceding 10 
years prior to onset of the disease 59 per cent of the 
patients with acute leukemia, 72.9 per cent of those 
with chronic granulocytic leukemia, 62.3 per cent 
with chronic lymphocytic leukemia, 55.8 per cent 
with myelomatosis, and 61.2 per cent of controls had 
had diagnostic radiation. 

In their conclusions the authors state that pa- 
tients with acute and chronic granulocytic leukemia 
showed greater exposure to radiotherapy than con- 
trols, the excess amounting to nearly 3 per cent of all 
cases. 

Bone-marrow doses due to diagnostic exposures 
were much lower than those due to radiotherapy. 
Some patients had much heavier diagnostic doses 
than the great majority of others. If diagnostic radia- 
tion was concerned in the etiology of any cases, it 
seemed unlikely that their number could exceed 1 
per cent of acute and chronic granulocytic leukemias. 
—C. Peter Truog, M.D. 


Yrey, J. Archaeology with the x-ray apparatus. 
7. belge de radiol., 1963, 46, 603-611. (Ad- 
dress: Philips—Eindhoven, Netherlands.) 


This article serves to call our attention to one of 
the many uses of x rays in fields of study other than 
medicine. The archaeologist tries by means of traces 
in the ground, objects and what remains of them, as 
well as of men, animals and plants that he finds, to 
obtain an idea of man and the way he used to live. 
The trials and residues refer to all facets of human 
life and existence. 

The objects found by the archaeologist are often in 
a hard mass of incrustation. The author, in speaking 
to a group of doctors, refers to the objects as his 
“patients.” And he says that their state of health, 
after having been exposed for so many centuries to 
all manner of influences, is frequently poor or very 
poor, and soms patients have practically passed 
away. By means of x rays, the shape of an object 
or a part of it may be learned. It is a great help to 
know something of the size and shape of an object 
before starting to remove the incrustation. A sur- 
prising result was afforded by a Roman dagger with 
sheath fittings, dating from the end of the first cen- 
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tury and recently excavated. For the naked eye 
nothing of any interest was offered by the completely 
corroded residue. The radiogram revealed beautiful 
silver inlay work on the sheath and structural details 
in the blade. 

Radiograms of a series of swords of the Viking era 
yielded in addition to numerous variations in the pat- 
tern of damascening also data about inlaid marks 
and names. A number of surprises have been found, 
such as the bronze sword from the bronze age some- 
where about 1,500~1,000 B.c. It was believed that 
blade and hilt consisted of a single piece. X-ray in- 
vestigation has shown that the blade is held in the 
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hilt by a spike. A fraud of that time has now also 
been ascertained. Such a hilt showed on its outside 
several rivet heads that indicated that the spike had 
been riveted with them in the hollow hilt. In several 
cases 1t was found that, though rivets had been used, 
the spike of the blade did not reach that far. Fraud 
without a shadow of a doubt! 

By means of x-ray studies, objects excavated half 
a century ago now yleld their secrets, after having 
lain as unappetizing lumps of rust in the museums. 
Other finds are described, and several reproductions 
of radiograms are included.—Douglas S. Kellogg, 
M.D. 
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9 NEW BOOKS FOR 
ROENTGENOLOGISTS 


[] CHEMICAL PROTECTION AGAINST 


IONIZING RADIATION by Zenon M. 
Bacq, Univ. of Liege, Liege, Belgium. '64, 
about 344 pp., about 100 iL (Amer. Lec. 
Living Chemistry edited by L Newton Kugel- 
mass), about $13.00 


MAMMOGRAPHY by Robert L. Egan, 
The Methodist Hospital of Indiana, [ndian- 
apolis, Indiana. '64, about 336 pp. (84% x 11), 
about 302 figs. (Amer. Lec. Roentgen Diag- 
nosis edited by Lewis E. Etter), about $20.50 


[] ATLAS OF ROENTGEN ANATOMY OF 


THE SKULL (2nd Ptg.) by Lewis E. Etter, 
Univ. of Pittsburgh, Pittsburgh, Pa. '64, 232 
pp., 239 il, $18.50 


THE PHYSICS OF RADIOLOGY (2nd 
Ed. Rev. 2nd Ptg.) by Harold Elford 
Johns, Univ. oj Toronto, Toronto, Canada. 
'64, about 788 pp., 469 il. (Amer. Lec. Radia- 
tion Therapy edited by Milton Friedman), 
about $23.00 


MEDICAL ILLUSTRATION: A Guide for 
the Doctor-Author and Exhibitor by Wil. 
liam E. Loechel, Payne State Univ., Detroit, 
Mich. '64, about 400 pp., 290 il. about $14.25 


RADIOACTIVITY IN MAN: Whole Body 
Counting and Effects of Internal Gamma 
Ray-Emitting Radioisotopes by George R. 
Meneely and Shirley Motter Linde, both 
of Northwestern Univ., Chicago, Il. (With 
122 Contributors) '64, about 814 pp., 208 il, 
97 tables, about $28.75 


COPPER AND PEROXIDES IN RADIO- 
BIOLOGY AND MEDICINE by Jack 
Schubert, Nuclear Science & Engineering 
Corp. Pittsburgh, Pa. '64, about 208 pp., 18 
il, about $8.75 


THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (3rd Ed., 4th Pig.) by 
Joseph Selman, Univ. of Texas, Dallas, 
Texas. '64, 384 pp., 306 il., $9.50 


CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield, Illinois 


Fits any 2" X 2” 
Viewer or Projector 
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NC EPIO 55 Slides 
by W. T. Meszaros, M.D., Cook County Hosp., 
Chicago 

I6-LÀ, Broast ......suanasesursresssanesecsesusssveens 36 Slides 


t 
by J. Gershon-Cohen, M.D., Albert Einstein Med- . 
ical Center, Philadelphia 
17-14 Pelvic Pneumoperitoneum ................... 42 Slides 
by B. Levin, M.D., Michael Reese Hosp. & Medi- 
cal Center, Chicago 
18-14 Lymphangio-Adenogrsphy ................... 52 Slidos 
by M. Viamonte, Jr., M.D. and D. Altman, M.D., 
University of Miami School of Medicine 
Price per series (postpaid, U.S.A.) 13-1A, $20.00; others, $16.50 
ORDER DIRECT, or WRITE for complete data on 
above sories, Many other series avallable—-esk for 
Catalog B. 
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ALBERT EINSTEIN MEDICAL CENTER 
Announces a Postgraduate Course in 


MAMMOGRAPHY 
Under direction of 
J. Gershon-Cohen, M.D. 
d at its 
Northern Division 
on 
Friday, October 80, 1964, 9 a.m. to 5 P.M. 

Saturday, October 31, 1964, 9 A.M. to 1 P.M. 
The course will be inclusive and will cover 
history, indications, technique, interpretation 
and application in case fin ing and research. 
Besides the various members of the X-Ray De- 
partment Staff, there will be guest lecturers 
in Anatomy, Pathology, Physics and Physi- 
ology. 


For broehure and application form, write to 
Department of Postgraduate Medical Education 


ALBERT EINSTEIN 
MEDICAL CENTER 
Philadelphia, Pa. 19141 
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,..It's the climate compensator control! 


No. 600-D. Fatigue-free loading from the 
The biggest bugaboo of film dryers is humidity in top. Handles 12 films every 20 minutes. 


the darkroom environmental moisture which Complete with automatic timer — a guard 
pu against fire hazard due to failure to turn 


turns the most efficient unit into a sluggish, slow- off the heater. Dimensions: 23” wide, 33” 
acting flop. high, 17Y2" deep. 
Now HALSEY introduces the climate compen- No. 801-D. Economy version of above — 
sator — a system of air control that lets you shut hese from tbe tore R A for 
: ty: m . stacking on top of No. -D for stoop- 
out outside humidity when it’s too high... or bring free loading, when extra capacity is de- 
in outside air when it’s cool and dry. sired. Dimensions: 23" wide, 33" high, 
The result... faster film drying — regardless of 1732” deep. Automatic Timer (No. 602-DT) 
climate conditions! avalanle. 


No. 601-D-H. For restricted space — sim- 
ilar to No. 601-D, but almost 10” narrower; 
accommodates 6 films. Dimensions: 13%" 
wide, 33” high, 1742” deep. 


Through your dealer 
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balanced water-in-oil emulsion 


rehydrates phystologtcally PO LYS QO R B HY D RAT E 


and restores normal skin lipids 
Use of Polysorb Hydrate can offset many of 
the minor and superficial effects of exposure 
of the human skin to irradiation. Applied 
immediately after exposure and followed by 
instructions for liberal and frequent applica- 
tion, Polysorb Hydrate helps rehydrate the 
keratin layer and entire stratum corneum... 
normalize water exchange . . . restore skin 
lipids . . . minimize skin irritation, redness, 
and roughness... prevent or leasen incidence 
: S of scaling subsequent to high dosage levels or 
repeated therapy. 
Polysorb Hydrate is bland, soothing, non- 
N sensitizing, nonirritating. It contains nothing 
to induce sensitivity or allergic reactions. 
POLYSORB HYDRATE Hydro Dispersant Emollient con- 


sisting of sorbitan segquioleate in special wax and pet- 
rolatum base. Sapplied in 50 gm. tubes and 425 gm. jars. 


Sin. S E. FoUuGERA & COMPANY, INC. 


Hicksville, Long Island, New York 
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USED X-RAY FILM 


9 We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


€ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 





Fundamentals of Boentgenology 


By LUCY FRANK SQUIRE, M.D. 


Emm |l RVARD UNIVERSITY PRESS 


SMIT-RONTGEN GRIDS 
AUER MULTISECTION CASSETTES 


This book fills a void in medical literature that has become increasingly unfortunate as 
radiology itself has grown more useful and complex. Designed as an instruction manual, not 
a reference work, it will help young physicians and medical students learn how to look at 
X-ray films. Based on Dr. Squire’s extensive teaching experience, the book is intended not to 
teach a student how to interpret films but to give him a sure approach to understanding 
radiographs and to enable him to know what he is looking at when he goes over his own pa- 
tients’ films with the radiologist. Written lucidly and informally, the book is meant to be read 
consecutively from beginning to end. Hundreds of carefully chosen, clearly reproduced illus- 
trations, many never before published, are included. Dr. Squire has also incorporated into 
the book one hundred unidentified pictures to test the growing skill and resourcefulness of 
the student; answers are provided. Over a period of ten years of teaching radiology, Dr. 
Squire gradually evolved the methods and ideas which take form here. Since 1961 she has de- 


voted herself exclusively to writing this book. A Commonwealth Fund Book. 557 illustrations. 
$12.50 
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After Years of Research 
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SWUM AA — $ 6 and 9 inch systems that are great 


improvements over all previous models! 


Proudly Presents ¢ May be readily added to present installations or 





the supplied with new apparatus. 
€ Compact size provides ease in operation and installation. 

¢ A new vista is opened to the fluoroscopist— brilliant contrast and 

sharpness of image never before available is now at his command. 
¢ Binocular viewing and ease of "holding" image are two 
of the many outstanding features. 
$ The “Standard” basic intensifier tube is the very 
t Ih finest available, providing superior and 
instantaneous binocular viewing, and ease of 


IMAGE INTENSIFIER SYSTEMS locating mirror image. 
Vw 1 4 The ‘‘Ultiscope’’ basic mirror viewing 
unit may be extended to include 
additional components $uch as 
cinefilming, television viewing and 









video tape recording apparatus... 
all made to function as one complete 
integral unit. 










The overall performance and superior 
quality of the ‘‘Ultiscope’’ Image Intensifier 
System is a splendid example of Standard’s 
long established policy of manufacturing 
only the finest x-ray apparatus. 
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X-RAY COMPANY 
1932 N. BURLING STREET, 
CHICAGO 14, ILLINOIS 








is your x-ray department tied in knots? 


If your processor is down again...if doctors and patients are anxiously waiting...then it’s 
time to switch to HUNT GRAPH-O-MAT® Developer — Replenisher and GRAPH-O-MAT® 
Fixer. These advanced products eliminate chemical jamming of your processor and keep 
your department running twenty-four hours a day. Behind these quality products stand a 
technically educated sales force teamed with highly trained service engineers that will 
help maintain “trouble-free” operation of your automatic processor. Call HUNT today. 


d" HUNT 
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5MEDOTOPES 
SQUIBB RADIOPHARMACEUTICALS 


Medotopes reflect the latest developments in nuclear medicine. All provide the utmost 
in safety and convenience. All have unique packaging safeguards so that direct contact is 
never required. Exclusive lead shield enclosures are fitted with bottle caps that unscrew 
automatically. Saf-Tag® vials and bottles are carefully encased and double protected by 
transparent, shatterproof plastic coatings, and shipping cartons have convenient “pull- 
tab” openers. And, each preparation is custom-handled, each delivery custom-routed by 
Squibb Traffic Service. Access to three major airports expedites shipment. 


Squibb Radiopharmaceuticals are available to the AEC-licensed physician. For tull 
information, write to Professional Service Dept., SQUIBB é Eri 
Squibb, 745 Fifth Avenue, New York 22, N. Y. Squibb Quality—the Priceless niger SAH BB j 
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[he fluoroscopic unit, cantilever patient table and mobile aux- 
liary table in operating position. (Leaded ee aprons 
rave been removed to clarify size relations 


Cardiac catheterization via the brachial or femoral 
wteries has become sufficiently routine to justify the 
levelopment of equipment specifically designed for 
he procedure. 


Optimum visualization of catheter location, as well 
as of radiopaque circulation, requires the widest choice 
of x-ray beam paths through the patients body. So 
limited are the angulations afforded by conventional 
tables and tubestands that superimposed images are 
difffeult to avoid, particularly with the catheterized 
patient rendered immobile. 


Culminating several years of design engineering and 
field testing, a new apparatus for cardiovascular TV 
fluoroscopy and cineradiography has recently made its 
appearance. It comprises an x-ray tube and image 
intensifier diametrically opposed on a wheeling “C” 
arm that is suspended from an overhead turntable 
carriage mounted on ceiling tracks. The wide range of 
travels thus afforded permits the x-ray tube to move 
over the surface of an imaginary hemisphere surround- 
ing the patient while “pivoting” the beam about a 
given point of interest in his body. By means of a 
sterilizable control keyboard which he can finger “by 
touch”, the various motor-driven movements can be 
precisely governed by the examiner himself, relieving 
him of dependence on others to carry out spoken orders. 


Beca@&e the entire “C” arm can be raised, lowered, 
or translated along rectilinear paths, the locus through 
which the x-ray beam will pass can be conveniently 
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A NEW APPARATUS x 
FOR CARDIOVASCULAR TV FLUOROSCOPY  ; 


Sterile command of all operational drives is centralized in. E 
this “keyboard” fitted with tactile-recognition knobs. E 


established. Once arrived at this locus, the examination. . 
field. will always remain squarely centered in the x-ray. 
beam regardless of changes in angulation of the ar 
during the examination. Magnification techniques, too : 
are possible without having to change the position of 


the patient. 


The patient rests on a mobile cantilever table which 3 
allows the paired x-ray tube/image intensifier to orbit 
freely around him, Brakes on the casters readily lock 1 
the table in its oriented position. The fiberglass and 
plastics used in its construction have been carefully’ 
selected for radiolucence, strength and easy cleaning. 
Sliding leaded aprons provide below-table radiation . 
protection for all members of the team. ' 


Essential to the practical use of the apparatus is a 
auxiliary mobile table which serves not only as an arm 
rest and instrument table, but, more importantly, as the. 
control center. On it is mounted the detachable key-- 
board that provides sterile fingertip control of all 
orbital, rotational and translational motions, fcd defin- 
ing shutters, roomlights, TV control, start/stop of the - 
video tape recorder and/ or cinecamera for recording. 
the examination. A “spare” is provided so one keyboard: | 
can undergo autoclaving $yhile the other is in use. — 
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